
���������
	����
����
� ������	����
�����
��� �
	�����������

���������� �!��" � �#��$ ��
�����$%��" &�$'&(

)�"�"��*�+��$������+
,-, � �����'&(�!���

� .+/�0-.�1324.�5 $���
687�9
:<;>=�?�@BAC?�D�EGFH:�@%D�:�IG?�@J7�9�KL6�M�N3O

APKQ=SRT@B68@%RTUV@%WT:�=%:�FX74WVMQY4=SZXIG=*:�F�74W[N\7�74Z�]�FH:
�_^�`�a ��b ^ b `4c 	db / b�egfhb `*iS`�a�^

��b `�a�i b a�. b `4c � .�c%j bL� 5#^%kl. e-e jm`�a ��b 24^�5 b 0#^�5#n
�o.�`*0#.�5qp�^�5 � i�0-^�1 b 0#jm^�` � . e . b 5rkts

u `�jwv .�5 e jm0xny^!p ��b 5#n*z b `4c
�o^�zwzm.�a�. ��b 5#{}| ���~$� &��_$!����$'&(�

AC�G�l:�?�=�D�:
� 1C/�jw5-j�k b z�/T.+5�p�^�5#1 b `�kl.�.�v b zmi b 0-jw^�`�^!po/ b a�. e .�a�1C.+`*0 b 0-jw^�` b zma�^�5-jw0-s�1 e s b�e 24.�k�^�1C.�jm`�kl5-. b�e��
jw`�a�zwn�jw1C/4^�5#0 b `%0gc*i�.y0-^�0-s�.>`*i�1�.�5-^�i eQb zma�^�5-jw0-s�1 e 0-s b 0 b 5#.y2T.+jm`�aC/S5-^�/4^ e .�c�. b k<sJn . b 5�� , `
^�5<c*.�5�0#^Ck<s�^ ^ e .�24.�0x�\.�.�`�0-s�. e . b zwa�^�5-jm0#s�1 e p�^�5 bye /4.�klj���k�c*^�1 b jw`Cjm0�j e jm1�/T^�5-0 b `%0\0-^y.+1C/�jm5 �
j�k b zwzmn3.�v b zmi b 0-.>0-s�.+jm5\/4.�5xp�^�5#1 b `4k�. � 	 ^ b k+kl^�1C/Szmj e sC0-sSj e 0 b�e {�0-sS.Lc%^%kli�1C.�`%0\jw1 b a�. b ` b zmn e j e
kl^�1C13i�`�jm0xny`�.+.�c e jX� e 0 b `4c b 5<c%jm��.�c�c*^%kli�1�.�`*0�jm1 b a�.>c b 0 b�e .�0 e ��jm0-s�a�5#^�i�`4c%0-5-iS0-s�|4jmj��o.�v b zmi �
b 0-jm^�`�1C.�0#5-j�k e 0-s b 0 b 5-. b a�5-.�.(cJi�/4^�`�2%nJ5#. e . b 5<k<s�.�5 e | b `4c�jwjmj��\p�5-.�.+zmn b v b jmz b 2�zw. e ^!p�0x� b 5-.Lp�^�5
.�v b zmi b 0-jm`Sa�`�.+� b zma�^�5-jw0-s�1 e�b `4cC5-.�/Szmj�k b 0-jw`�ay^�0#s�.�5�5#. e . b 5<k<s�.�5 el� 5#. e iSzm0 e �

, ` b `B. b 5-zwjm.�5g/ b /4.�53��� �q,x��� ^%kli�1�.�`*0 � .�k�^�a�`Sjm0-jw^�` b `4c � .�0#5-jm.+v b z $��� ���\.y/Si�2�zmj e s�.(c
.�v b zmi b 0-jm^�`V5-. e i�zm0 e p�^�5yv b 5-jm^�i e /4^�/�iSz b 5y/ b a�. e .�a�1C.+`*0 b 0-jw^�` b zwa�^�5#jm0#s�1 e i e jm`Sa�0-s�. u `�jmv .�5 �
e jm0xn�^!p�� b�e s�jm`�a�0-^�`Vc b 0 b�e .�0�� , `B0#s�j e / b /T.+5L�\.�c*. e kl5-jw24.�0#s�. e ^!p�0x� b 5-. b 5rkts�jw0-.�k�0-i�5#.y^!p�0-sS.
� � �o	 .�v b zwi b 0#jm^�`C/ b k<{ b a�. | ��s�j�k<s�� b�e i e .�cy0-^>.�v b zwi b 0#.Q0#s�. e .�a�1�.�`*0 b 0#jm^�` b zma�^�5-jw0-s�1 e � 	 s�.
c*. e kl5#jm/�0#jm^�`�^�p�0-s�. b 5<k<s�jw0-.�kl0#i�5-.>��jmzwz b zmzw^���5#. e . b 5<k<s�.�5 e 0#^Ci�`4c%.�5 e 0 b `�c�0#s�. e ^!p�0x� b 5-.y24.�0-0#.�5�|
5#.�/�zmj�k b 0#.o^�i�5�5#. e iSzm0 e |!.+v b zmi b 0-.�`�.�� b zwa�^�5#jm0#s�1 e |�.+�*/4.�5#jm1C.�`%0}��jw0-s>`�.���1C.+0-5-j�k e}b `4cyc b 0 b�e .�0 e |
.�0rk�� 	 s�. e ^!p�0x� b 5-.3j e ��5-jm0#0-.�`�i e jm`�a�0-s�.��~z b `�a�i b a�.C^�`�0-sS.J� u�)h�(u�)�,
  /Sz b 0xp�^�5#1 b `4cBj e
24.�jw`�a�1 b c*. b v b jwz b 2�zm.�0-^y5#. e . b 5<k<s�.�5 e�b 0�`�^�kl^ e 0��

¡�¢�£¥¤�¦X§x¤�§-¨<¦�©X¢Jª8¨t¤o«m¬��®�§#®¯£¥3°�¨t¦�±�²�³y±�¢�§�´d§x°�¨t¦�±Xµ�§x�±o¶t«·´d§
«w§x!¤�§�¬��®�§�¦�¸}¶��±�¦
¨�©
±�¹�´»º½¼l¾<¿�¼-À�Á�¸TÀ
Â#ÃlÄ�¾�Å*Æ ¶�©XÇ+¢!§x§#®3¹h¨<¦�±X£¥>¬��®�§x¦�¸}¶l+±X¦�¨l©
±�¼�Èl¾�Ã!Â#Á�ÉlÃ�Él¾�Å�±X¢�§�´d§
«w§x!¤�§�º�®�Ê�¨<�©
§#®yË�§�¤�§#¨t¦�©X¢�Ì�¦X¶#Í
§#©Î±�¤\ºGÏ�§��©
³
¬��®�§�¦g¸}¶�¶�°�§x¦�¨t±�£¥Ê�§QºGÏl¦�§x§xµQ§x�±ÑÐdÁ�Ál¾�¾�Â-¾�¾lÃ�È�¼!Â#¾!Å%¨<�®¯±�¢�§�Ðd¨<±�£¥¶l�¨<Ò�Ó�©
£¥§x�©Î§ÕÔ!¶�¬!�®�¨<±X£¥¶�y¬��®(§x¦�¸}¶��±�¦
¨�©
±
Ö�Ö�Ó�¼l¼�ÈlÉ�¼<¿l¿�×



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
SEP 2000 2. REPORT TYPE 

3. DATES COVERED 
  00-09-2000 to 00-09-2000  

4. TITLE AND SUBTITLE 
Software Architecture of PSET: A Page Segmentation Evaluation Toolkit 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Language and Media Processing Laboratory,Institute for Advanced
Computer Studies,University of Maryland,College Park,MD,20742-3275 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

18. NUMBER
OF PAGES 

20 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



���������
	����
���
� ������	����
�����
��� �
	�����������

���������� �!��" � �#��$ ��
�����$%��" &�$'&(

)�"�"��*�+��$������+
,-, � �����'&(�!���

� .+/�0-.�1324.�5 $���

ØÑÙ\Ú<Û�ÜVÝoÞ�ß~à�Þ�á}â�ã
Û�ßGá}ÛTä�Þ�ßåÙ\ÚCæVØ�ç�èêé
à æJÝoë�ßìØÑßdë�íåß�îoÛ�Ý�ÛSãxÙ�îïç�ðñÝoò-ä�Ý�Û�ãxÙ�îóè3ÙQÙ�ò�ô�ã
Û

õñö4÷\øVùûú}öVúT÷�ü�ý�ú4þ�ú}ÿ��Bú4÷��o÷�ø}ö



687�9
:<;>=�?�@BAC?�D�EGFH:�@%D�:�IG?�@J7�9�KL6�M�N3O
APKQ=SRT@B68@%RTUV@%WT:�=%:�FX74WVMQY4=SZXIG=*:�F�74W[N\7�74Z�]�FH:

�_^�`�a ��b ^ b `4c 	db / b�egfhb `*iS`�a�^

��b `�a�i b a�. b `4c � .�c%j bL� 5#^%kl. e-e jm`�a ��b 24^�5 b 0#^�5#n
�o.�`*0#.�5qp�^�5 � i�0-^�1 b 0#jm^�` � . e . b 5rkts

u `�jwv .�5 e jm0xny^!p ��b 5-n%z b `4c}|T�o^�zmzw.�a�. ��b 5-{�| ���

AC�G�l:�?�=�D�:
� 1C/�jw5-j�k b z�/T.+5�p�^�5#1 b `�kl.�.�v b zmi b 0-jw^�`�^!po/ b a�. e .�a�1C.+`*0 b 0-jw^�` b zma�^�5-jw0-s�1 e s b�e 24.�k�^�1C.�jm`�kl5-. b�e��
jw`�a�zwn�jw1C/4^�5#0 b `%0gc*i�.y0-^�0-s�.>`*i�1�.�5-^�i eQb zma�^�5-jw0-s�1 e 0-s b 0 b 5#.y2T.+jm`�aC/S5-^�/4^ e .�c�. b k<sJn . b 5�� , `
^�5<c*.�5�0#^Ck<s�^ ^ e .�24.�0x�\.�.�`�0-s�. e . b zwa�^�5-jm0#s�1 e p�^�5 bye /4.�klj���k�c*^�1 b jw`Cjm0�j e jm1�/T^�5-0 b `%0\0-^y.+1C/�jm5 �
j�k b zwzmn3.�v b zmi b 0-.>0-s�.+jm5\/4.�5xp�^�5#1 b `4k�. � 	 ^ b k+kl^�1C/Szmj e sC0-sSj e 0 b�e {�0-sS.Lc%^%kli�1C.�`%0\jw1 b a�. b ` b zmn e j e
kl^�1C13i�`�jm0xny`�.+.�c e jX� e 0 b `4c b 5<c%jm��.�c�c*^%kli�1�.�`*0�jm1 b a�.>c b 0 b�e .�0 e ��jm0-s�a�5#^�i�`4c%0-5-iS0-s�|4jmj��o.�v b zmi �
b 0-jm^�`�1C.�0#5-j�k e 0-s b 0 b 5-. b a�5-.�.(cJi�/4^�`�2%nJ5#. e . b 5<k<s�.�5 e | b `4c�jwjmj��\p�5-.�.+zmn b v b jmz b 2�zw. e ^!p�0x� b 5-.Lp�^�5
.�v b zmi b 0-jm`Sa�`�.+� b zma�^�5-jw0-s�1 e�b `4cC5-.�/Szmj�k b 0-jw`�ay^�0#s�.�5�5#. e . b 5<k<s�.�5 el� 5#. e iSzm0 e �

, ` b `B. b 5-zwjm.�5g/ b /4.�53��� �q,x��� ^%kli�1�.�`*0 � .�k�^�a�`Sjm0-jw^�` b `4c � .�0#5-jm.+v b z $��� ���\.y/Si�2�zmj e s�.(c
.�v b zmi b 0-jm^�`V5-. e i�zm0 e p�^�5yv b 5-jm^�i e /4^�/�iSz b 5y/ b a�. e .�a�1C.+`*0 b 0-jw^�` b zwa�^�5#jm0#s�1 e i e jm`Sa�0-s�. u `�jmv .�5 �
e jm0xn�^!p�� b�e s�jm`�a�0-^�`Vc b 0 b�e .�0�� , `B0#s�j e / b /T.+5L�\.�c*. e kl5-jw24.�0#s�. e ^!p�0x� b 5-. b 5rkts�jw0-.�k�0-i�5#.y^!p�0-sS.
� � �o	 .�v b zwi b 0#jm^�`C/ b k<{ b a�. | ��s�j�k<s�� b�e i e .�cy0-^>.�v b zwi b 0#.Q0#s�. e .�a�1�.�`*0 b 0#jm^�` b zma�^�5-jw0-s�1 e � 	 s�.
c*. e kl5#jm/�0#jm^�`�^�p�0-s�. b 5<k<s�jw0-.�kl0#i�5-.>��jmzwz b zmzw^���5#. e . b 5<k<s�.�5 e 0#^Ci�`4c%.�5 e 0 b `�c�0#s�. e ^!p�0x� b 5-.y24.�0-0#.�5�|
5#.�/�zmj�k b 0#.o^�i�5�5#. e iSzm0 e |!.+v b zmi b 0-.�`�.�� b zwa�^�5#jm0#s�1 e |�.+�*/4.�5#jm1C.�`%0}��jw0-s>`�.���1C.+0-5-j�k e}b `4cyc b 0 b�e .�0 e |
.�0rk�� 	 s�. e ^!p�0x� b 5-.3j e ��5-jm0#0-.�`�i e jm`�a�0-s�.��~z b `�a�i b a�.C^�`�0-sS.J� u�)h�(u�)�,
  /Sz b 0xp�^�5#1 b `4cBj e
24.�jw`�a�1 b c*. b v b jwz b 2�zm.�0-^y5#. e . b 5<k<s�.�5 e�b 0�`�^�kl^ e 0��

¡�¢�£¥¤�¦X§x¤�§-¨<¦�©X¢Jª8¨t¤o«m¬��®�§#®¯£¥3°�¨t¦�±�²�³y±�¢�§�´d§x°�¨t¦�±Xµ�§x�±o¶t«·´d§
«w§x!¤�§�¬��®�§�¦�¸}¶��±�¦
¨�©
±�¹�´»º½¼l¾<¿�¼-À�Á�¸TÀ
Â#ÃlÄ�¾�Å*Æ ¶�©XÇ+¢!§x§#®3¹h¨<¦�±X£¥>¬��®�§x¦�¸}¶l+±X¦�¨l©
±�¼�Èl¾�Ã!Â#Á�ÉlÃ�Él¾�Å�±X¢�§�´d§
«w§x!¤�§�º�®�Ê�¨<�©
§#®yË�§�¤�§#¨t¦�©X¢�Ì�¦X¶#Í
§#©Î±�¤\ºGÏ�§��©
³
¬��®�§�¦g¸}¶�¶�°�§x¦�¨t±�£¥Ê�§QºGÏl¦�§x§xµQ§x�±ÑÐdÁ�Ál¾�¾�Â-¾�¾lÃ�È�¼!Â#¾!Å%¨<�®¯±�¢�§�Ðd¨<±�£¥¶l�¨<Ò�Ó�©
£¥§x�©Î§ÕÔ!¶�¬!�®�¨<±X£¥¶�y¬��®(§x¦�¸}¶��±�¦
¨�©
±
Ö�Ö�Ó�¼l¼�ÈlÉ�¼<¿l¿�×



� � WT:�?�7��GIdD�:(FX74W
, 0�j e jm1�/T^�5-0 b `%0h0#^	�'i b `*0#jm0 b 0-jwv .�zmn�1C^�`�jm0#^�5�/�5#^�a�5#. e-e jm` b `%n e kljw.�`%0-j �TkÕ�4.�z�c}� 	 sS.�jw`*p�^�5#1 b!�
0#jm^�`y5#.�0-5#jm.�v b z�kl^�1C13i�`�j�0xn b `4cy0-s�. e /4.�.�k<sL5#.�kl^�a�`�jw0-jm^�`ykl^�1C13i�`�jm0xn�|tp�^�5�.�� b 1C/�zw. |�s b v .\n . b 5-zwn
kl^�1C/4.�0-jw0-jw^�` e jm`L��sSj�k<s�5-. e . b 5rktsS.�5 e .�v b zmi b 0-.o0-s�.+jm5�z b 0-. e 0 b zwa�^�5#jm0#s�1 e ^�`yklzw. b 5#zmngc*.l�4`S.�c�0 b�e { e |
c b 0 b�e .�0 e | b `4cL1�.�0-5#j�k e � 	 ^�1 b { . e i4k<sL.�v b zwi b 0#jm^�` e /4^ e-e jw2�zm._|�5-. e . b 5rktsS.�5 e s b v . b k�kl. e-e 0-^ e 0 b ` �
c b 5<c*jw��.�c�c b 0 b�e .�0 e |�1C.�0#5-j�k e | b `4c�p�5-.�.�zwn b v b jwz b 2�zm. e ^!p�0x� b 5-.Qp�^�5 e kl^�5-jw`�ay0-s�.�5#. e i�zw0 e /�5-^%c*i�kl.�c
2%n b zwa�^�5-jm0#s�1 e�
���� | �� �

, `�0#s�. � ^%k�i�1C.�`%0 , 1 b a�. � ` b zmn e j eGb 5#. b |�5-.+a�i�z b 5G.�v b zmi b 0-jw^�` e ^!p���� �Vb k�k�i�5 b kln�s b v .\24.�.+`
kl^�`4c*i4k�0-.�c�2%n ug)�����
 ��� � �ñb a�. e .�a�1C.�`%0 b 0#jm^�` b zma�^�5#jm0-sS1 e |���sSj�k<s b 5-.gkl5-i4k�j b z�kl^�1C/4^�`�.+`*0 e ^!p��� ��e n e 0-.�1 e |��\.+5-. b 0\^�`S.�0-jw1C.�.�v b zwi b 0#.�c�2%n u�)g��� 2 b�e .�cC^�`�0-s�.��4` b z���� � 5#. e i�zw0 e |'2Si�0
`�^�0o^�`30-s�.�a�.�^�1C.+0-5-j�kq5#. e i�zw0 e ^�p�0#s�. e .�a�1C.�`%0 b 0-jm^�`�� � .(kl.�`%0-zmn 
 �l��� |��\.�.+1C/�jm5#j�k b zmz�n�kl^�1C/ b 5-.�c
v b 5#jm^�i e kl^�1C1�.�5<klj b z b `�cJ5-. e . b 5rkts�/ b a�. e .�a�1C.+`*0 b 0-jw^�` b zwa�^�5-jm0#s�1 e |Ti e jm`�a�0-s�. u `Sjmv .�5 e jm0xn3^!p
� b�e s�jm`�a�0-^�`�c b 0 b�e .�0+�Q��.Li e .�c b ��.�zmz � c%.l�4`�.�c���a�.�^�1C.�0-5#j�k!�ñzmjw`�. � 2 b�e .�c�1C.+0-5-j�k b `�c bCe ^�i�`4c
e 0 b 0#j e 0-j�k b z�1C.+0-s�^%c*^�zm^�a�n�0-^ e kl^�5#.�0-s�. e .�a�1C.�`%0 b 0-jm^�`�5-. e i�zm0 e ����i�5#0-s�.+5-1C^�5-. |�i�`Szmjm{ .o0#s�. u�)����
.�v b zmi b 0-jm^�` e |4�\.g0-5 b jm`�.(c 0#s�. e .�a�1C.�`%0 b 0-jm^�` b zwa�^�5-jm0#s�1 e /�5#jm^�5�0-^3.�v b zmi b 0-jw`�ay0-sS.�1��

, `V0#s�j e / b /4.�5���.�c*. e k�5-jm24.�jm` c*.+0 b jwz�0-s�. e ^!p�0x� b 5-. b 5<k<s�jm0#.�kl0#i�5-.C^�p�0-sS.�/ b k<{ b a�. k b zwzm.�c
� � �o	 |���s�j�kts>�\.�i e .�c�jm` 
 �l��� 0-^�.�v b zwi b 0#.�/ b a�. e .�a�1C.�`%0 b 0-jm^�` b zma�^�5#jm0-sS1 e � 	 s�j e / b kt{ b a�.�� b�e
c*.+v .�zm^�/T.(c�2*n3i e�b 0�0-sS. u `�jwv .�5 e jm0xnL^�p ��b 5-n%z b `4c b `4cC��jmzmz�24.�1 b c%. b v b jwz b 2Szm.�0#^L5-. e . b 5<k<s�.�5 e
b 0�`�^�kl^ e 0+� � i�2�zwj�k b 0-jm^�`J^�p\0#s�.L/ b k<{ b a�.y��jwzmz b zwzm^���5#. e . b 5<k<s�.�5 e 0#^�jw1C/�zm.+1�.�`%0o^�i�5��4v . ��e 0-.+/
.�v b zmi b 0-jm^�`J1C.+0-s�^%c*^�zm^�a�n b `4c�.�v b zmi b 0-.�0-s�.+jm5\^���` b zma�^�5#jm0-sS1 e �

� ^!p�0x� b 5-. b 5rkts�jw0-.�k�0-i�5#.yk b `B24.�c*. e k�5-jm24.�c�i e jm`�a�1C.�0#s�^%c e�e i�kts b�e�� .�0#5-j ) .�0 e�b `�c ��b 0 b�dzw^�� � j b a�5 b 1 e�
 ��� ���B.�c*. e kl5-jw24.C0-s�. b 5<k<s�jw0-.�kl0#i�5-.3^!p � � �q	 |�0#s�. ,-� � �4zm.3p�^�5-1 b 0 e |�.�0<k��m|
i e jm`�a���2��x.�kl0 �
� 5-^%k�. e-e�� j b a�5 b 1 e ��� �o��e � 
 ��� |���s�j�kts b 5-. e jw1Cjmz b 5ojm` e /�jm5#jm0�0-^ � .�0#5-j ) .�0 e �

	 s�.L/ b kt{ b a�. |�k b zwzm.�cC0#s�. ��b a�.3� .�a�1�.�`*0 b 0#jm^�` � v b zwi b 0#jm^�` 	 ^ ^�zw{*jw0L� � � �o	 �<|}j e 1C^%c*i�z b 5�|
��5#jm0-0#.�`�i e jm`�aC0#s�.���z b `�a�i b a�. | b `�cJ5-i�` e ^�`�0-sS.C� u�)h�(u�)�,
  /�z b 0�p�^�5-1�� 	 s�. e ^!p�0x� b 5-.ys b�e
24.�.�` e 0-5-i�kl0-i�5#.�c e ^y0-s b 0�jm0�k b `�2T.gi e .�c b 0\0#s�. u�)g,Î  kl^�1C1 b `�cLzmjm`S.Qzw.�v .�z�^�5�kl^�1C/�jmzw.�cLjm`%0-^
^�0-s�.�5 e ^�p�0x� b 5#.L/ b kt{ b a�. e 2*n k b zwzmjm`Sa ���o, p�i�`4k�0-jm^�` e � 	 s�.>c*. e kl5-jw/�0-jw^�`�jm`�0#s�j e / b /4.�5���jmzwz b j�c
i e .�5 e jm`3i e jw`�a�| i�/�c b 0-jw`�a�| b `4c�1�^%c*j p�n%jm`�ag0-s�. � � �o	 / b k<{ b a�._� , 0o��jwzmz b z e ^�s�.+zm/3i e .�5 e 0-^ b c�c
`�.+� b zwa�^�5#jm0#s�1 1C^%c*i�zw. e 0-^30-s�.>/ b k<{ b a�. b `�cJ0-^3jm`%0-.�5xp b kl.�jw0Q��jw0-s�^�0#s�.�5 e ^�p�0�� b 5#.L0-^ ^�z e�b `4c
/ b kt{ b a�. e � 	 s�. � � �o	 / b k<{ b a�.Ljm`�klzmi4c%. e 0#s�5-.�.�5#. e . b 5<k<s�/ b a�. e .+a�1C.�`%0 b 0-jw^�` b zma�^�5-jw0-s�1 e����b
0#.��*0#zmjw`�. � 2 b�e .�c¯24.�`�kts�1 b 5-{%jm`Sa b zwa�^�5#jm0#s�1 �%b `4c b � jm1C/Szm.�� � 2 b�e .(cL^�/�0#jm1Cjw� b 0#jm^�` b zma�^�5-jw0-s�1 p�^�5
. e 0-jw1 b 0#jm`�a b zma�^�5#jm0-sS1 / b 5 b 1C.+0-.�5 e p�5-^�1 0-5 b jm`�jw`�a3c b 0 b�e .�0 e �

	 s�j e / b /T.+5Lj e ^�5-a b `�jm�+.�c b�e p�^�zwzm^�� e � , `V� .�k�0-jm^�` $ |d��.3c*j e kli e-e 0-s�.3/ b a�. e .�a�1C.+`*0 b 0-jw^�`
/�5#^�2�zw.�1�� , `y� .�kl0#jm^�` � |!��.q/S5-. e .�`*0�^�i�5��4v . ��e 0-.+/h/ b a�. e .�a�1C.�`%0 b 0-jm^�`�/4.�5�p�^�5-1 b `4kl.�.+v b zmi b 0-jw^�`
1C.+0-s�^%c*^�zm^�a�n � , `V� .�kl0#jm^�` � |G�\.�c*. e kl5-jw2T.30-sS. b 5<k<s�jm0#.�kl0-iS5-. b `�c��4zm.Lp�^�5-1 b 0 e ^!p�^�i�5 � � �o	
/ b kt{ b a�.�jm` c*.+0 b jwz b `4c e s�^�� s�^�� 0-^�jm1C/Szm.�13.�`%0�. b k<s e 0-.�/ ^!p�^�i�5y�4v . ��e 0-.+/[/4.�5�p�^�5-1 b `4kl.
.�v b zmi b 0-jm^�`�1C.�0#s�^%c*^�zw^�a�n � , `�� .�kl0#jm^�` � |}��.La�jmv .L0#s�.ys b 5<c*� b 5-. b `4c e ^!p�0x� b 5-.y5#.�� i�jm5#.�1C.�` 0 e
p�^�5Ji e jm`�a 0-s�. � � �o	 / b k<{ b a�._� , `��_.�kl0-jw^�` " |���.�c*j e kli e-e ^�i�5�p�i�0-iS5-.��\^�5#{}���djm` b zmzwn[jw`
� .(kl0-jw^�` & |%�\.�a�jmv . bye i�1C1 b 5-nL^�p�0#s�. b 5-0-j�klzm._� � c*.+0 b jwzm.�c�c*. e k�5-jm/S0-jm^�`C^!pG^�i�5�0-.��%0-zwjm`�. � 2 b�e .�c
1C.+0-5-j�k�j e a�jwv .�`�jm` b ` � /�/4.�`�c*jm��p�^�5�kl^�1�/�zm.�0#.�`�. e#e ���� §o£¥µ�°�Ò¥§xµQ§x�±�§#®Q±X¢�§! »À#"V©
¬�±�¨tÒ¥Ï�¶�¦X£¥±�¢�µ%$¥Â-Ä�&T¨t�®h±�¢�§�´d¶(©Î¤�±�¦X¬�µ ¨tÒ¥Ï�¶�¦X£¥±�¢�µ'$¥Â#Á�&�×)(d£¥¤�§*$¥Â�Â+&�°!¦�¶<Ê�£�®�§#®
¬�¤G±X¢�§o¸�£¥µQ°�Ò¥§xµ�§x�±
¨<±�£¥¶lo¶<«4¢�£¥¤�,4¶l¦�¶�!¶�£ À�²�¨<¤�§-®�¨<Ò¥Ïl¶�¦�£¥±X¢�µ>×

�



- N>Ed@�KQ=�R4@B68@*R4UV@%WT:�=*:(FX74WVK�?!74�GZX@%U

	 s�.+5-. b 5#.y0x�\^30�n%/4. e ^�p\/ b a�. e .�a�1�.�`*0 b 0#jm^�`8|�/�s*n e j�k b z b `�cJzm^�a�j�k b z
� � s%n e j�k b zG/ b a�. e .�a�1C.+` �
0 b 0-jw^�`Cj e\b>b /�5#^%kl. e-e ^!pñc*jwv*j�c*jm`Sa b c*^%k�i�1C.�`%0o/ b a�.�jm`%0-^�s�^�1C^�a�.�`�.�^�i e ��^�`�. e � �ob k<sC^!pG0#s�. e .
��^�`�. e k b ` kl^�`%0 b jm`�^�`�.30xn*/4.3^!pÑ^�2��x.�kl0+� 	 s�. e .3^�2��x.(kl0 e k b `B24.3^!p�0xn%/4.�0#.��*0+|�0 b 2Szm. |}�4a�i�5-. |
s b z p�0#^�`�.>jm1 b a�. | .�0rk�� � ^�a�j�k b zG/ b a�. e .�a�1�.�`*0 b 0#jm^�`�j e�b /�5#^%kl. e-e ^!p b�e#e jwa�`�jw`�a�zw^�a�j�k b z�5-.�z b 0-jw^�` e
0#^L/�s%n e j�k b z*�+^�`�. e �.��^�5o.�� b 1C/�zw. |�5-. b c*jm`�a�^�5<c*.�5ñz b 24.�z e ^�5<c%.�5o0-s�.�/�s%n e j�k b z*��^�`�. e jm`30-sS.�^�5<c%.�5
jw`���s�j�kts30-sS.�n e s�^�i�z�c�24.Q5#. b c��q� jw1Cjmz b 5-zwn | b�e#e jwa�`�jw`�a e .�kl0-jw^�` b `4c e i�2 ��e .(kl0-jw^�`3z b 24.�z e 0-^�/�s%n ex�
j�k b z���^�`�. e kl5#. b 0#. e\b sSjm.�5 b 5<k<s�j�k b z�c*^%kliS1C.�`%0 e 0#5-i4k�0-i�5#. � , `C0-s�j e / b /4.�5+|��\.�p�^%kli e ^�`J/�s%n e j�k b z
/ b a�. e .�a�1C.�`%0 b 0#jm^�` b `4c�5-.lp�.+5�0-^yjm0 e jm1C/Szmn b�e / b a�. e .�a�1�.�`*0 b 0#jm^�`�s�.�5-. b p�0-.+5��

��b a�. e .�a�1C.+`*0 b 0-jw^�`êj eCb kl5#i4klj b z�/�5#.�/�5#^%kl. e-e jm`�a e 0-.�/êp�^�5 b `/��� � e n e 0-.�1 � , `�1 b `%n
k b�e . e |0��� � .�`�a�jm`�.�5-.(kl^�a�`�jm0#jm^�` b k+kli�5 b klnyc%.�/4.�`4c e s�. b v*jwzmn�^�`�/ b a�. e .�a�1C.�`%0 b 0-jm^�` b k�kli�5 b kln ���^�5>jm` e 0 b `4kl. |}j�p b / b a�. e .�a�1C.+`*0 b 0-jw^�` b zma�^�5#jm0-sS1 1C.�5-a�. e 0x�\^�0-.��%0���^�`�. e sS^�5-jw��^�`%0 b zmzwn |}0-sS.��� � .�`�a�jw`�.C��jwzmz�5#.�kl^�a�`�jm�+.�0#.��*0 b kl5#^ e#e 0-.+�*0>��^�`�. eLb `�cBs�.�`4k�.�a�.�`�.�5 b 0-.�i�`�5-. b c b 2�zm.C0#.��%0��
��b a�. e .�a�1�.�`*0 b 0#jm^�` b zma�^�5-jw0-s�1 e k b `�2T. k b 0#.�a�^�5-jm�+.�c�jw`*0#^�0-s�5#.�.y0xn*/4. e1 0-^�/ � c%^!��`8|d24^�0#0-^�1 �
i�/8| b `4c�s*n%2�5-j�c b /S/�5-^ b k<s�. e � 	 ^�/ � c*^���` b /S/�5-^ b k<s�. e jm0#.�5 b 0-jwv .�zmn c*jmv%j�c*. b c*^%kli�1C.+`*0�/ b a�.
jw`*0#^ e 1 b zwzm.�5���^�`�. e3b k�kl^�5<c*jw`�a�0-^ e ^�1C.�kl5#jm0#.�5-jw^�`�� 	 s�.  ���2 kli�0 b zma�^�5-jw0-s�1 c*.�v .+zm^�/4.�c�2*n
)�b a�n�35476�8:9 
������ j e3b 0xn*/�j�k b z�0-^�/ � c*^���` b zma�^�5-jw0-s�1��<;\^�0#0-^�1 � i�/ b /�/S5-^ b ktsS. eCe 0 b 5#0 p�5#^�1
c*^%k�i�1C.�`%0�jm1 b a�.>/�jm�%.�z e | b `4c�jm0#.�5 b 0-jmv .+zmnCa�5-^�iS/�0-s�.+1 jm`%0-^�2�jma�a�.�5�5#.�a�jw^�` e � 	 s�. � ^%k e 0-5-iS1
b zma�^�5-jw0-s�1 ^!p7� �>= ^�5#1 b ` 
 ��"���b `4c[0-sS. � ^�5#^�`�^�j � 2 b�e .�c b zma�^�5-jw0-s�1 ^!p f j e .?3@476�8:9 
������b 5-.
5#.�/�5-. e .�`%0 b 0-jmv .�24^�0#0-^�1 � iS/ b /�/�5#^ b kts�. e �BAQn*2S5-j�c b /�/S5-^ b ktsS. e�b 5-.>i e i b zmzwn b 1�jm�%0-i�5#.h^�p�0-^�/ �
c*^���` b `4cy24^�0#0-^�1 � i�/ b /�/�5#^ b k<s�. e � 	 s�. b zwa�^�5-jm0#s�1 ^�p ��b v*jwzmj�c%j e�b `�cDC4s�^�i 
 ��&�� j e�b `3.�� b 1C/�zw.
^�po0-s�.�s%n*2S5-j�c b /�/�5-^ b k<sJ0#s b 0�.�1�/�zm^�n eqb3e /Szmjm0 �
b `4c � 1C.�5#a�. e 0-5 b 0-.�a�n �

E K�@*?�9x74?�UV=�WGD @�M�Y4=�Z�Id=*:(FX74W?F~@ :�EG7��d74Z�7TR�G
, `C^�5<c*.�5�0-^>^�2��x.�kl0#jmv .�zwn�.�v b zmi b 0-.g/ b a�. e .�a�1C.�`%0 b 0-jm^�` b zma�^�5-jw0-s�1 e | b /4.�5xp�^�5-1 b `4kl.�.+v b zmi b 0-jw^�`
1C.+0-s�^%c*^�zm^�a�n e s�^�i�z�c[0 b { .�jm`%0-^ kl^�` e j�c*.+5 b 0#jm^�`[0-sS.J/4.�5�p�^�5-1 b `4kl.�1C.�0#5-j�k�|�0-s�. c b 0 b�e .�0�|�0-sS.
0#5 b jw`�jm`Sa b `4cy0-. e 0-jm`Sah1�.�0-s�^%c e | b `4c¯0#s�.�1C.�0#s�^%c*^�zm^�a�ny^!p b ` b zmn%��jm`�ag.��*/4.�5#jm1C.+`*0 b z 5-. e i�zw0 e � , `
0#s�j e�e .�k�0-jm^�`�|4�\.Ljw`*0#5-^%c*i�kl. b �4v . ��e 0#.�/�1C.�0-sS^%c*^�zw^�a�n�0#s b 0��\.>/�5-^�/T^ e .�cJ. b 5-zwjm.�5 
��l� | �+$ | �+��� �
	 s�. � � �o	 / b k<{ b a�.hj e�b `�jm1C/�zw.�13.�`*0 b 0#jm^�`y^�po0-sSj e 1C.�0#s�^%c*^�zm^�a�n �

� .�0IH 2T. b a�jmv .�`½c b 0 b�e .�0Ck�^�`%0 b jw`�jm`Sa[��c*^%kli�1C.+`*0yjw1 b a�. |qa�5-^�i�`4c*0#5-i�0#s}�y/ b jm5 e �KJMLON��<|
b `4c zw.�0QP b `4cSR 24. b 0#5 b jw`�jm`Sa�c b 0 b�e .+0 b `4c b 0-. e 03c b 0 b�e .�0C5-. e /4.�kl0#jmv .�zwn � 	 s�.C�4v . ��e 0-.+/
1C.+0-s�^%c*^�zm^�a�nCj e c*. e k�5-jm24.�c b�e p�^�zmzm^�� e1

� � ��b `�c*^�1Czwn�c*jmv%j�c%.�0#s�.Cc b 0 b�e .�0QHïjm`%0-^�0���^�1�i�0#i b zwzmn�.���k�zmi e jmv .yc b 0 b�e .�0 eO13b 0#5 b jm`�jw`�a
c b 0 b�e .�0TP b `4c b 0#. e 0gc b 0 b�e .�0*Rg� 	 s*i e |MHVUWPYXZR b `�c[P]\�RWU/^�|4��s�.�5#._^�j e 0-sS.
.+1C/�0xn e .�0+�

$ � � .l�4`�. b kl^�1C/�i�0 b 2�zw.h/4.�5xp�^�5#1 b `4k�.L1C.�0#5-j�ka`��bJ0LNcL@dh�5e�A�.�5-.fJ j e�b c*^%kli�1�.�`*0�jw1 b a�. |N�j e 0-s�.�a�5#^�i�`�c*0-5#i�0-sC^�pgJ4| b `4c7d j e 0-s�.���� �êe .�a�1C.�`%0 b 0#jm^�`L5-. e i�zw0q^�`ZJ4� , `3^�i�5�k b�e . |`��bJ0LNcL@dh�\j e c*.l�4`S.�c b�e 0-.��%0-zwjm`�. b k�k�i�5 b kln | b�e c*. e kl5-jw24.�c�jm`�0#s�. � /�/4.�`4c*jw�}�
� � = jwv .�` bêe .�a�1�.�`*0 b 0#jm^�` b zwa�^�5-jm0#s�1 h ��jw0-s b / b 5 b 1C.�0#.�5�v .�kl0#^�5	ikj)L b i�0#^�1 b 0-j�k b zmzwn

e . b 5rkts�p�^�5�0-s�.o^�/S0-jm1 b z�/ b 5 b 1C.+0-.�5�v b zmi�.7likjLp�^�5���s�j�k<s b `�^�2��x.�kl0-jwv .»p�iS`4kl0-jw^�`Bmd�bikj � PZL@`�L5hh�

$



b�e-e i�1C. e 0-sS.�^�/�0-jw1 b z�v b zmi�.3^�`�0-s�.30-5 b jw`�jm`�a�c b 0 b�e .�0BP�� , `B^�i�5>k b�e . |�0-s�j e ^�2��x.�kl0#jmv .
p�iS`4kl0-jw^�`�j e c*.l��`�.�c b�e 0#s�. b v .+5 b a�.�0-.��%0-zwjm`�.�.+5-5-^�5�5 b 0-.�^�` b a�jmv .�`C0#5 b jm`�jw`�a3c b 0 b�e .�0 1

md�Ki j � P�L5hcL5`*��U �ncP op�q
rts@u vxwzy|{ �~} `���NBLO�.�5� j �bJ0L5i j �-����Qe

� � � v b zwi b 0#.�0-sS. e .�a�1C.�`%0 b 0-jm^�` b zwa�^�5#jm0#s�1Vhê��jm0#sC0-sS.Q^�/�0-jw1 b z�/ b 5 b 1C.�0#.�5 li j ^�`�0-s�.�0#. e 0
c b 0 b�e .�0�R�2*n �S�� `���NBLO�.��� j �KJML li j �-�|� �KJMLON��!�[R*�|�
��sS.�5-.

�
j e�b p�i�`4k�0-jm^�` ^�p30-s�. /T.+5�p�^�5#1 b `�kl.�1C.�0#5-j�k	`[^�`�. b k<s ��c*^%kli�1C.+`*0Cjw1 b a�. |

a�5-^�i�`4c*0#5-i�0#s}��/ b jm5y�bJ0LNh��jw`�0-s�.y0#. e 0�c b 0 b�e .�0�Rg| b `4c����5� j ���#L|� ��j e 0-s�. e .�a�1C.+`*0 b 0-jw^�`
p�iS`4kl0-jw^�`�kl^�5-5-. e /4^�`4c%jm`�aC0#^7hL� 	 s�.�p�i�`4k�0-jm^�`

�
j e c*.��4`�.�cC2%nC0-s�.�i e .�5�� , `�^�iS5�k b�e . |� � � `���NBLO�.�5� j �bJ0L�li j �-���¥�bJ0LON��.��RT� � U �~} md��li j � R*L5`�L5h��5L

��sSj�k<sBj e 0-sS. b v .�5 b a�.3^!p�0#s�.C0#.��*0#zmjw`�. b k�k�i�5 b kln�`���NBLO�.�5� j �KJML�li�j}�-� b k<s�jm.+v .�cJ^�`�. b k<s
��c*^%kli�1�.�`*0�jm1 b a�. |%a�5#^�i�`4c%0-5-iS0-s}��/ b jw5��KJMLON��ojm`�0-sS.h0#. e 0�c b 0 b�e .�0�R��

� � � .�5�p�^�5-1 b�e 0 b 0-j e 0#j�k b z b ` b zmn e j e 0#^Q.+v b zmi b 0-.o0-sS. e 0 b 0-j e 0-j�k b z e jma�`Sj ��k b `4kl.o^!pS0-sS.q.+v b zmi b 0-jw^�`
5#. e iSzm0 e | b `4c b ` b zmn%��.�0#s�.�.�5-5#^�5 e 0-^yj�c*.�`%0-j p�n � s%n%/T^�0-s�. e jm�+.\��s%n�0#s�. b zma�^�5-jw0-s�1 e /4.�5xp�^�5#1
b 0Q0#s�.�jw5�5-. e /T.(kl0-jwv .Qzw.�v .�z e �

� AC?�D�EGFH:�@%D�:�IG?�@0�g��F�ZX@���74?�U =%:�����=SW��êMQY�=�ZXIG=*:�F�74W?F~@ :�Ed7��G74ZX74R�G
, `J0#s�j e�e .(kl0-jw^�`�|���.Õ��5 e 0gc*. e kl5-jw24.h0#s�. e ^!p�0x� b 5-. b 5<k<s�jw0-.�kl0#i�5-.g^!po0#s�. � � �o	 / b kt{ b a�. b `4cJ0-sS.
p�^�5-1 b 0 e ^!pñ0-sS.Õ��zm. e i e .�cC0#^3kl^�1C13i�`�j�k b 0#.\��jw0-s�0-s�.�/ b kt{ b a�. � ) .+�*0��\. e s�^���s�^�� 0#s�j e�e ^!p�0 �
� b 5-.�/ b k<{ b a�.�k b `L24.�i e .�cL0-^�jm1C/Szm.�1C.�`%0T0#s�.\�4v . e 0#.�/ e ^�p�0-s�.�/ b a�. e .�a�1C.�`%0 b 0#jm^�`h.+v b zmi b 0-jw^�`
1C.+0-s�^%c*^�zm^�a�n�c%. e kl5#jm24.�cJjw`B� .�k�0-jm^�` � � = .�`�.�5#j�kÕ��zm.hp�^�5-1 b 0�c*. e kl5-jw/�0-jw^�` e�b�e ��.�zmz b�ehe /4.�klj �Tk
.�� b 1�/�zm. egb 5-.�/�5-^�v%j�c*.�c�|»p�^�5 klzm. b 5-.+5hiS`4c*.�5 e 0 b `4c*jw`�a�� 	 sSj e c%. e kl5#jm/�0#jm^�`B^�p�0-s�. b 5<k<s�jm0#.�kl0#i�5-.
b `4c½��zm.�p�^�5-1 b 0 e ��jmzwz b zmzw^�� i e .+5 e 0#^�jX�>i�`4c*.+5 e 0 b `4c[0#s�.��\^�5-{%jm`�a�^!p>0#s�. � � �o	 / b k<{ b a�. |
jwjX��5#.�/�zwj�k b 0-.3^�i�5y5#. e i�zw0 e |djmjwjX��1C^%c*j�p�nB0#s�.C/ b 5 b 1C.�0-.+5Õ��zm. e p�^�5yc b 0 b�e .�0 e |o1C.�0#5-j�k e |�.�0<k��m| b `4c
kl^�`4c*i4k�0�0#s�.�jm5y^���` .�v b zmi b 0-jw^�` .��*/4.�5#jm1C.+`*0 e |djwvT�gi�`4c*.+5 e 0 b `4c�|�1 b jm`%0 b jm` b `4c jw1C/�5#^!v .30-sS.
e ^!p�0x� b 5-. | b `4cVvT��.+v b zmi b 0-.C`S.�� b zma�^�5-jw0-s�1 eyb `4cVkl^�1C/ b 5#.C0-sS.�5#. e iSzm0 e ��jm0#s .+�*j e 0-jw`�a b zwa�^ �
5#jm0-sS1 e � 	 s�. � � �o	 / b k<{ b a�.hs b�e 24.�.+`Ci e .(c�0-^>.�v b zmi b 0-.��4v .Q/ b a�. e .�a�1C.+`*0 b 0-jw^�` b zma�^�5-jw0-s�1 e
��l� | ����� �
����� AC?�D�EdF�:�@%D�:�IG?!@�=�Wg�W��FXZ�@[��74?�UV=*:��
	 s�. � � �o	 / b k<{ b a�. k b `ê24.�i e .�c[0-^ jX� b i�0#^�1 b 0-j�k b zmzwn�0-5 b jw` b a�jwv .�`[/ b a�. e .�a�1C.+`*0 b 0-jw^�`
b zma�^�5-jw0-s�1�|�j�� . �w| b i�0-^�1 b 0#j�k b zmzmn e .�zm.(kl0L^�/�0-jw1 b z b zma�^�5#jm0-sS1 / b 5 b 1C.+0-.�5 e ^�` b a�jmv .�`�0#5 b jm`�jw`�a
c b 0 b�e .�0+| b `4cJjmj��\.+v b zmi b 0-.>0-s�.>/ b a�. e .�a�1C.+`*0 b 0-jw^�` b zwa�^�5-jm0#s�1 ��jm0#s�0-s�.>^�/�0#jm1 b z�/ b 5 b 1C.�0#.�5 e
p�^�i�`4c�jw`�jX�o^�` b a�jwv .�`�0-. e 0�c b 0 b�e .+0��!�djma�i�5-. �>e sS^!� e 0-sS.h^�v .�5 b zwz b 5rktsSjm0-.(kl0-i�5#.Q^�po0-sS. � � �o	
/ b kt{ b a�. b `4c�jwzmzwi e 0#5 b 0#. e 0#s�. e .h0x��^Lp�i�`4kl0#jm^�` b zmjw0-jw. e �

	 s�.�^�v .�5 b zmz b 5<k<s�jw0-.�kl0#i�5-. e s�^�� e�b zmzg0-s�.�jw`�/�i�0C�4zw. e 0-s b 0 b 5#.�`�.�.�c*.(c[0-^ kl^�`�c*i4kl0�0-sS.
0#5 b jw`�jm`Sa b `�c 0#. e 0#jm`�a�.��%/4.�5-jw1C.�`%0 e p�^�5 b a�jmv .+`B/ b a�. e .�a�1�.�`*0 b 0#jm^�` b zwa�^�5-jm0#s�1�| b `�c b zwz\0-sS.

�



TrainSeg

Train Protocol
File

(trp)

Training Dataset 

(lst)
Filename List

Groundtruth
(DAF)

(trr)

Train Report

File

Document
Images
(TIF)

Segmentation
Algorithm

Parameter File
(spr)

Optimization
Algorithm

Parameter File
(opr)

TestSeg

Test Dataset
Filename List

(lst)

Test Protocol
File
(trp)

Groundtruth
(DAF)

Document
Images
(TIF)

Optimal
Segmentation

Algorithm
Parameter File

(spr)

Test Report
File

(ter)

Parameter File

Benchmark
Algorithm

(bpr)

Weight
File

(wgt)

Segmentation
Algorithm
Shell File

(sh)

�djwa�i�5#. ��1 ��v .�5 b zmz � � �o	 b 5rktsSjm0-.(kl0-i�5#. � 	 s�.�zw.lp�0Ls b z pg^!pg0-s�. b 5<k<s�jw0-.�kl0#i�5-.�5-.�/�5#. e .+`*0 e 0-sS.
0#5 b jw`�jm`Sa /Ss b�e . � 0-s�.�5#jma�s*0Cs b z p>5#.�/�5-. e .�`%0 e 0-s�.�0#. e 0#jm`�a /�s b�e . � ) ^�0-.�0-s b 0�jw`ê0-s�.�0#. e 0#jm`�a
/�s b�e ._|'0#s�.�^�/S0-jm1 b z / b a�. e .+a�1C.�`%0 b 0-jw^�`L/ b 5 b 1C.�0#.�5}p�^�i�`�c¯jw`L0-sS.�0-5 b jm`�jw`�a�/�s b�e .Qj e i e .�c}� 	 s�.
0#5 b jw`�jm`Sa b `4c�0-. e 0-jw`�a�/Ss b�e . e i e .L0-sS. e-b 1C.�/4.�5�p�^�5-1 b `4kl.�1C.+0-5-j�kQ5-.+z b 0#.�cCjm`�/Si�0���zm. e �X24.�`4k<s �
1 b 5-{ b zma�^�5#jm0-sS1 / b 5 b 1�.�0-.�5��4zw.��X2�/�5�� b `4c��\.�jwa�s%0���zm.��X��a�0l�#� b `4c�0-s�. e#b 1C. e .�a�1C.+`*0 b 0-jw^�`
b zma�^�5-jw0-s�1 e sS.�zmz4�4zm.3� e s}�<�

	Gb 2�zw. ��1 � i�1C1 b 5-ny^�po0-s�.��4zw.Qp�^�5#1 b 0 e jm`�0-sS. � � �o	 / b k<{ b a�. �

��� � �� �¡t¢>� £z¤t¥ �§¦>¨ � ©ª¦ «+�§¨ ¬® � ¢>¥ � ©¯¦«�°§¥ °ª¨ �±¥�²#� ¨ ¥K��� � � � ¨ ¥ ³ ¥K¨ °§´ª�¯¨µ¥ ¶·�� ©¸©¯¥+¦>°§¹��+©¯º��§°ª¬ ¶�� ¹�°¯»¯��� ¦O°@¼·°¯¥ °¯¨ �±¥±½ ¾ °§� ¦O¿z ©¯¥ ©t¬±©¯�z��� � � ¥  ¢ ³ ¥K¨ °§´ª�¯¨µ¥ ¶·��¢· ©ª¥ ©t¬±©¯��¢>°¯ °§¹��±¥ �± ¨�©¯º�¥ ¶·��¥  °¯� ¦·� ¦·»��§¤t¢>�± � ¹��±¦t¥±½ ¾�§¨ ¥K¿z ©ª¥ ©t¬®©ª����� � � ¥ �§¢ ³ ¥K¨ °§´ª�¯¨µ¥ ¶·��¢· ©ª¥ ©t¬±©¯��¢>°¯ °§¹��±¥ �± ¨�©¯º�¥ ¶·��¥ �¯¨ ¥ � ¦·»��±¤t¢>�§ � ¹5�±¦t¥±½À �±»ª¹��±¦t¥ °§¥ � ©ª¦�Á+� »ª©¯ � ¥ ¶·¹ ¨ ¢· ³ ¥K¨ °§´ª�¯¨µ¥ ¶·��¢>°¯ °§¹��±¥ �± ¨�©¯ºµ°Â¢>°¯»¯��¨ �±»ª¹5�§¦t¥ °§¥ � ©ª¦�°¯� »ª©¯ � ¥ ¶·¹¿z°¯ °¯¹5�§¥ �±µ��� � � ¥ ¶>°¯¥+°¯ ��¥ ©@Ã>��¥  °§� ¦·�¯¼#½Äµ�§¦>¬ ¶·¹�°¯ Åt� ¦·»�ÁK� »¯©ª � ¥ ¶·¹ Ã·¢· ³ ¥K¨ °§´ª�¯¨b°¯� �:¢#°§ °¯¹5�±¥ �§ ¨�©§º�°�Ã#�±¦>¬ ¶·¹°§ Åt� ¦·»�°¯� »ª©¯ � ¥ ¶·¹�½¿z°¯ °¯¹5�§¥ �±µ��� � �Æ ¢·¥ � ¹5� Ç¯°§¥ � ©ª¦5Á+� »ª©¯ � ¥ ¶·¹ ©ª¢· ³ ¥K¨ °§´ª�¯¨b°¯� �:¢#°§ °¯¹5�±¥ �§ ¨�©§º�°¯¦©ª¢·¥ � ¹�� Ç§°¯¥ � ©¯¦°§� »¯©ª � ¥ ¶·¹O½¿z°¯ °¯¹5�§¥ �±µ��� � �È  ©¯É·¦#¼t¥  É>¥ ¶���� � � «KÁ�� ³ ¥K¨ °§´ª�¯¨b¼t©t¬®É·¹��±¦t¥µ� ¹°§»ª�§¨b°§¦>¼¥ ¶·�±� µ»¯ ©ªÉ·¦>¼t¥  É·¥ ¶�� ¦tº ©ª ¹�°¯¥ � ©ª¦:½À �±»ª¹��±¦t¥ °§¥ � ©ª¦�ÊK�§¨ É·� ¥b��� � � ¼·°§º ¨ ³ ¥K¨ °§´ª�¯¨b¼t©t¬®É·¹��±¦t¥µ� ¹°§»ª�§¨b°§¦>¼¥ ¶·�±� b¨ �±»ª¹5�±¦t¥ °¯¥ � ©¯¦� �§¨ É·� ¥ ¨®½ ¾ °§� ¦OÊb�§¢>©ª ¥+��� � � ¥   ³ ¥K¨ °§´ª�¯¨µ¥ ¶·��¥  °§� ¦>� ¦·»� �§¨ É·� ¥K©§º�°@¨ �±»ª¹5�§¦t¥ °§¥ � ©ª¦�°¯� »ª©¯ � ¥ ¶·¹�½ ¾�§¨ ¥KÊK�±¢>©ª ¥+��� � � ¥ �± ³ ¥K¨ °§´ª�¯¨µ¥ ¶·��¥ �§¨ ¥b �¯¨ É>� ¥b©¯ºz°5¨ �§»¯¹��±¦t¥ °¯¥ � ©¯¦°§� »¯©ª � ¥ ¶·¹O½Ë|�±� »ª¶t¥b��� � � Ìb»ª¥ ³ ¥K¨ °§´ª�¯¨b°�¨ �±¥+©¯º�Ìµ�§� »ª¶t¥ ¨µº ©ªK°@¨ �±¥K©§º��§  ©ªb¹��§°ª¨ É· �§¨®½À �±»ª¹��±¦t¥ °§¥ � ©ª¦�Á+� »ª©¯ � ¥ ¶·¹ ¨ ¶ ³ ¥K¨ °§´ª�¯¨b°�¨ ¶·�§� �¾¬±©¯¹�¹�°¯¦>¼Âº ©ªK É·¦·¦>� ¦·»@¨ �±»ª¹5�±¦t¥ °¯¥ � ©ª¦À ¶·�§� �:��� � � °¯� »ª©¯ � ¥ ¶·¹Í�±¤t�¯¬®É·¥ °¯Ã·� �ª½z³ ¥b� ¨b°@Äµ©ªÉ· ¦O¨ ¶>�±� �#¢> ©ª»ª °§¹�½
Î�Ï�Ð�Ñ�ÏxÐÓÒÍÔ:Õ�ÖØ×�Õ|Ù�Õ|Ú@Û�ÐÂÕ�Ü[Ý�Þ	Ð�ß�ÕQÐÂÚ5Û�à:Ù�à#Ù�×�Û�ÙÍÜáÐÂÕ�Ö�ÐÂà:Ù�×ZÑxÚ�ÎãâOÕ�ÜãÏ�Ú�Õ�ÖäcågÛ�ÝxÔ:Õ�æQÔ:à¾Ö�Ð5Ö�Û�Ô#Ô�Ð�ßxÕcÒMÔ:Õ�ÖÏMÖ�Õ�Üèç�ÐÂß�Õ|à:Ú~ÑxÏ�Ú�ÑMÎ�Ö�Õ�ÖOçéÛ�ÙÍÜêÐ�ßxÕ|à:Ú.ÒMÔ:Õ�ÙMÛ�ëZÕ*Õ|ìãÐ�Õ|ÙÍÖ�à:Î�ÙMÖOäí ÙxÑ�Ï�ÐQÒMÔ:Õ�Ö7à:ÙMâOÔ#ÏMÜ�Õ	î�Û�Ú�à#Î�ÏMÖIà#Ù�à:ÐÂà�Û�Ô*Û�Ô:×�Î�Ú�à#Ð�ß�ë ÑMÛ�Ú@Û�ëZÕ|ÐÂÕ|ÚcÒMÔ#Õ�Ö[ïKÛ�ÙWÎ�Ñ�ÐÂà:ëZà#ð�Û�ÐÂà:Î�ÙWÛ�Ô#×�Î�ñÚÂà:Ð�ßxëòÑMÛ�Ú5Û�ëZÕ|Ð�Õ�ÚÓÒÍÔ:Õ�ï�Î�Ñ�Úó5ç!ÛêÑMÛ�×�Õ	Ö�Õ|×�ëZÕ|ÙãÐ5Û�Ð�à:Î�Ù�Û�Ô:×�Î�Ú�à#Ð�ß�ëôÑMÛ�Ú@Û�ëZÕ|ÐÂÕ|Ú*ÒMÔ:ÕõïKÖ�ÑxÚOó5ç.Û�ÙMÜöÛÝMÕ|ÙMâ5ß�ë�Û�Ú�÷fÛ�Ô:×�Î�ÚÂà:Ð�ßxëøÑMÛ�Ú@Û�ëZÕ|ÐÂÕ|Ú�ÒMÔ:Õ�ï�Ý�Ñ�ÚOóÂó5çãÜ�Û�Ð5Û�Ö�Õ|Ð�ÒÍÔ:Õ�Öùï�Ô�Ö�ÐOó5çãÛ�Ö�ßxÕ|Ô:Ô�ÒÍÔ:Õ�ïKÖ�ßèó5çãÛ�ÙMÜIÕ|ìãÑMÕ|Ú�ñà#ëZÕ|ÙãÐ5Û�ÔãÑ�ÚÂÎ�Ð�ÎãâÎ�Ô0ÒÍÔ:Õ�Öùï�Ð�Ú@Û�à:Ùxà:Ù�×�Ñ�ÚÂÎ�Ð�ÎãâÎ�Ô�ÒMÔ:ÕBïµÐÂÚ�ÑèókÛ�ÙMÜIÐÂÕ�Ö�Ð.Ñ�ÚÂÎ�ÐÂÎãâOÎ�Ô�ÒMÔ#Õ�ïµÐ�Õ�Ñèó�ó@ä�ú*Ö�Õ|Ú5Ö�Ù�Õ|ÕûÜÐÂÎ[Ñ�ÚÂÎ�îãà�ÜãÕcÐ�ßxÕ�Ö�ÕQÒMÔ:ÕûÖØÐ�Î�Ð�ßxÕ7üþý ÿ�åYÑÍÛ�â5÷�Û�×�Õ7Ð�Î	âOÎ�ÙMÜ�ÏMâOÐTÐ�Ú5Û�à:Ù�à#Ù�×�Î�Ú�Ð�ÕûÖ�Ð�à#Ù�×�Õ|ìãÑ0Õ�Ú�à:ë Õ|Ù�Ð@ÖOäåùß�Õ�Î�Ï�Ð�Ñ�ÏxÐcÒMÔ:Õ�Ö�Î � Ð�ß�Õ Ð�Ú5Û�à:Ù�à#Ù�×�Ñ�ßMÛ�Ö�Õ�à:ÙÍâOÔ:ÏMÜãÕZÛ[ÐÂÚ5Û�à#Ù�à:Ùx×�Ú�Õ|ÑMÎ�ÚÂÐcÒMÔ:ÕõïµÐ�ÚÂÚOóÓÛ�ÙMÜöÛ�ÙöÎ�Ñ�Ð�à#ñë�Û�Ô.Ö�Õ�×�ëZÕ|ÙãÐ5Û�Ð�à#Î�Ù�Û�Ô#×�Î�Ú�à:ÐÂß�ë ÑMÛ�Ú5Û�ë Õ|Ð�Õ|Ú�ÒMÔ:Õ�ïbÖ�Ñ�Úó5äZåùßxÕIÐÂÚ5Û�à#Ù�à:Ùx×[Ú�Õ�Ñ0Î�Ú�Ð*ÒMÔ#Õ[ï�Ð�Ú�Úó~Ú�ÕûâOÎ�Ú@Ü�Öà#Ù�ÐÂÕ|Ú�ëZÕûÜ�à�Û�Ð�Õ7Û�Ö��ùÕ�Ô:Ô~Û�ÖaÒMÙMÛ�Ô~Ð�Ú5Û�à:Ù�à#Ù�×�Ú�Õ�Ö�Ï�Ô:Ð@ÖaÎ � Ð�ß�ÕZÐÂÚ5Û�à:Ù�à#Ù�×�Õ|ìãÑ0Õ�Ú�à:ë Õ|Ù�Ð�ä�åùß�Õ�Î�ÑxÐ�à:ëDÛ�ÔÖ�Õ|×�ëZÕ�Ù�Ð@Û�Ð�à#Î�Ù Û�Ô#×�Î�ÚÂà:ÐÂß�ëVÑMÛ�Ú5Û�ë Õ|Ð�Õ|Ú�ÒMÔ#ÕcïbÖ�Ñ�Úó.Ú�Õ�âÎ�Ú5ÜxÖ�Ð�ßxÕ*Î�Ñ�ÐÂà:ë�Û�ÔéÖ�Õ|×�ëZÕ|ÙãÐ5Û�ÐÂà:Î�ÙZÛ�Ô:×�Î�Ú�à#Ð�ß�ëÑMÛ�Ú5Û�ëZÕ|Ð�Õ�Ú�î�Û�Ô#Ï�Õ�Ö � Î�Ï�ÙMÜcà#ÙQÐ�ß�Õ!Ð�Ú5Û�à:Ù�à#Ù�×*Ñ�ßÍÛ�Ö�Õ ä.åùß�Õ~Î�Ï�ÐÂÑ�Ï�Ð�Î � Ð�ß�Õ~ÐÂÕ�Ö�ÐÂà:Ù�×�Ñ�ßMÛ�Ö�Õ�à�ÖgÛÓÐÂÕ�Ö�ÐÂà:Ù�×

�



5#.�/4^�5-0o�4zm.>�X0#.�5l�r|���s�j�kts35-.�k�^�5<c eqb�e .�0o^!pG.�5#5-^�5o1C. b�e iS5-. e |�0-jw1Cjm`�a b `�c�/4.�5�p�^�5-1 b `4kl. e k�^�5-. e p�^�5
. b kts�jm1 b a�.�jm`�0#s�.L0#. e 0gc b 0 b�e .�0�| b `4c b �4` b z b v .�5 b a�.L/4.�5�p�^�5-1 b `4kl. e k�^�5-.�^�v .�5 b zwz�jm1 b a�. e jw`
0#s�.L0#. e 0gc b 0 b�e .�0����djwa�i�5#. $3e s�^�� e v b 5#jm^�i e jw`�/�i�0��4zw.Õp�^�5-1 b 0 e �~�djma�i�5-. ��e s�^�� e 0-sS.h0#5 b jm`�jw`�a
5#.�/4^�5-0��4zw.Õp�^�5-1 b 0 b `4c[�djwa�i�5#. �Ce s�^�� e 0#s�.�0-. e 0�5-.�/4^�5#0\�4zm.�p�^�5-1 b 0��

��� � 	 
�
� � � � �
��������� ��� �����! �  � � ��"!# �$�  
� %&('()$*$+ �$� '�* ��, �$- ' ����. / 	 01� � � / 0!� 2 �13 / � � � 	 / 4 �  
�� %- 5 & �$- ' ����3 
  . � �13 / � � � 	 / 4 �  
�� %& � � *$676 - 8 ����. / 	 01� � � / 0!� 29"!# ��� 01:;<%� & � *$676 - 8 ��� � � . 
� �1�  � 3 	 � / � � 0!# ��"!# ��� 01:;=%- 5 & � *$676 - 8 ����3 
  . �$"!# ��� 01:;<%� ' �$- + ' ��� *$> � �$- ' ��� � /  3 � 3 � .?/ � � 0!# ��"!# �$# 	1�  � 3 	 ��%)(@ � � >7& ��� 	 A!� 3 
 3 B  � 3 	 �  # . 	 / 3 � 2!
C�  
�� %D�� + � >�& ����E � �<� 21
  / F # . 	 / 3 � 2!
G�  
�� %� � & � >7& ��� A  . �?� � . 
� �1�  � 3 	 �  # . 	 / 3 � 2!
G�  
�� %

HJI K L1MNMNO P<Q R S
T?U$V�UW<X$V Y[Z Q O R Q \ P=]N^=_ Q _!R O Q�`�a ObP�_ McO!debfbgbhbi TbV f?h V�j Tbk f Y[Z ]1l L1m=P7^<Q l m=Q no^<\ l O K Q L1l pqP7_ MNO!dk r e Tbk f Y[Z \ Mc_ ]1O�^<\ l O K Q L1l pqP7_ MNO!de V W hbs(s k t Y[Z ]1l L1m=P7^<Q l m=Q nu`�a O�R m<vNw7dW e W hbs(s k t Y[Z R O ]1MNO P<Q _ Q \ L!PNl O R m�a Q$`�a O�R m<vNw�dk r e W hs�s k t Y[Z \ Mc_ ]1Ob`�a OR m=vNw7dV�X�W<V f X$W hbx V Tbk f Y[Z Q O R Q \ P=]ql O R m�a Q$`�a Oa L<K _ Q \ L!P�dy�X i U x�e Y[Z?z O P�K n�Mc_ l {N_ a ]1L1l \ Q n=M|P7_ MNO!dW<X e U x�e Y[Z?} _ ]1O9R O ]1MNO P=Q _ Q \ L1Pu_ a ]1L!l \ Q n=M|P�_ MNO<d

~�� �7�����[�7���=�1����b���<� ���7�<� ��� � � ���$� � ������� � �(����b���<� ���7�<� ��� � � ���$� � ������� � �(�
� � �� � �� � ����b���<� ���7�<� ��� � � ���$��� ������� � �(�

�9��� ����� �q [�
¡¢ £ ¤o¥N¦ ¦ § ¢ ¨(©�¦ ¤«ª«¬=®¤ ¯c¤�° ±<§ ¢ ²(¦ ¢ ³7´¯u¥�µb¥o¶�·9µ µq¸�¤o¹(£ ¤=´(¬��¤c³�ºq¬�£ ¢ ° ¦q¹(£ ¤«¦ ¸$¬�¦u° ¬<»�¤�°q¦ ¸(¤«§ ³�³7¦c´$¬=®¤u³�º¤=¬7±1¸G¢ ®¬�¼7¤u¢ ´G¬�½�¬�¦1¬�° ¤=¦!¾¿«ÀcÁ«Â ªu¯«µ ÀNÂ µNÃ ¯uÄ À µq¸�¤�£ ³�±<¬�¦ ¢ ³�´G³�º�¦ ¸�¤o¼7§ ³�©(´(½�¦ § ©(¦ ¸G¹$£ ¤�°!¾Ä Å ¿ ¯uÄ À µq¸�¤�£ ³�±<¬�¦ ¢ ³�´G³�º�¦ ¸�¤o¢ ®¬�¼7¤c¹$£ ¤�°!¾¿ µ ¶ Â ¡�¡Ä Æ µq¸�¤Ç° ©�È�É®³�º�¬Ç¼7§ ³�©(´(½�¦ § ©(¦ ¸G¹$£ ¤=´(¬��¤�Ê�¤�¾ ¼�¾(¦ ¸(¤o° ©�È®É�³�º¼7§ ³7©(´(½�¦ § ©�¦ ¸C¹$£ ¤®Ë1¥uÌ7Ì�Í�¾ ¯c¥«¡ÎÇ¢ °�Ë<¾ ¯c¥u¡�Î�¾¶ ¿ ¶ Â ¡¡�Ä Æ µq¸�¤Ç° ©�È�É®³�º�¬Ï° ¤<¼7�¤=´�¦1¬�¦ ¢ ³7´�§ ¤�° ©(£ ¦q¹(£ ¤<´$¬=®¤7Ê�¤7¾ ¼�¾�¦ ¸(¤o° ©�È�É�³�º° ¤<¼7�¤=´�¦1¬=¦ ¢ ³7´�§ ¤=° ©(£ ¦q¹$£ ¤®Ë1¥uÌ7Ì�Í7¾ ½�¬=º ° ÎÏ¢ °�Ë<¾ ½(¬=º ° Î�¾Ä Å ¿ ¶ Â ¡¡�Ä Æ µq¸�¤Ç° ©�È�É®³�º�¬�´G¢ G¬=¼7¤u¹(£ ¤<´$¬=®¤7Ê�¤7¾ ¼�¾�¦ ¸(¤o° ©�È�É�³�º�¢ G¬=¼7¤u¹(£ ¤Ë1¥uÌ7Ì�Í<ÐNÄ ªo¾ µNÄ ¡Î�¢ °�Ë1ÐNÄ ª�¾ µNÄ ¡�Î�¾µ À ¥uÄ ª À ·q¶ Â«Ñ µ ¯uÄ À µq¸�¤�£ ³�±<¬�¦ ¢ ³�´G³�º�¦ ¸�¤o¦ §1¬=¢ ´(¢ ´(¼Ç§ ¤=° ©�£ ¦q¹(£ ¤�°q¼�¤=´�¤=§ ¬�¦ ¤=½®¨�ÒG¬�¦ §1¬�¢ ´�¢ ´�¼�¤<É�²$¤<§ ¢ �¤=´�¦<¾µN·q¶�µ À ·q¶ Â«Ñ µ ¯«Ä À µq¸�¤�£ ³�±<¬�¦ ¢ ³�´G³�º�¦ ¸�¤o¦ ¤=° ¦ ¢ ´�¼Ç§ ¤=° ©�£ ¦q¹$£ ¤�°q¼7¤<´�¤=§1¬=¦ ¤�½�¨�Ò®¬Ç¦ ¤=° ¦N¤<É�²$¤<§ ¢ �¤=´�¦<¾Á«Ó µ ¥ Ñb¿ µq¸�¤�´(¬�®¤u³�º¦ ¸�¤o³7²�¦ ¢ �¢ Ô=¬�¦ ¢ ³�´G¬�£ ¼7³7§ ¢ ¦ ¸(Õ¦ ¸(¬�¦c¢ °q¦ ³Ç¨$¤o©$° ¤=½$¾ÐN·9ª ¥ Ñb¿ µq¸�¤�´(¬�®¤u³�º¦ ¸�¤o¨(¤=´(±1¸(®¬�§ Ö�¢ ´�¼Ç¬�£ ¼�³7§ ¢ ¦ ¸�Õ¦ ¸$¬=¦u¢ °q¦ ³Ï¨$¤o©(° ¤=½�¾¶�· ¿ ¥ Ñb¿ µq¸�¤�´(¬�®¤u³�º¦ ¸�¤o²(¬�¼7¤Ç° ¤=¼7�¤<´�¦ ¬�¦ ¢ ³7´®¬�£ ¼�³7§ ¢ ¦ ¸�Õ¦ ¸$¬=¦u¢ °q¦ ³Ï¨$¤o©(° ¤=½�¾

�9×Õ�

ØÚÙ(Û|ÜÞÝ«ßáàãâåäNæèçÞÜÞéëêíì(ßïîð�Ýoñ � éÇò®óõô÷öèß�éoÝ � Ù$æÞÙ(æÞÛøçÞÝ«ð|é«ð   ð|ìÚêùì$ßúîð|Ý«ñ � éûÙ?òåòuöÞð[üýæþÙ$æ �9����ÿ éoöÞß�é«ß[òué
çÞÝ«ð|é«ð   ð|ì êíì$ßûîð|Ýoñ � é�Ù?òýòcöÞð[üýæ Ù(æ �����ÇÿÞ� æ × é«öÞß � ì$Û|ð�ÝoÙ(éoöÞñ ç � Ý � ñøßGéoßCÝ�êíì$ßëîð�Ýoñ � é�Ù?òýòuöèð�üýæ Ù(æ
�9 �� ó�ô÷öÞß × ß[ò   ÝoÙ(çÞéoÙ(ð|æøð[î�éoöÞß � éoéoÝ«Ù � Üèéoß[ò÷Ù(æ �9��� � æ × �� � Ù�ò÷Û|Ù � ßCæøÙ$æ �9×Õ� ó

ô÷öÞßëç � Ý � ñøßCé«ßCÝ � � ì$ÜÞß[ò Ù(æ é«öÞßëç � Ý � ñøßCé«ßCÝ êùì$ß[ò � Ý«ß êùÝÇòué�Ý«ß �|× Ù$æ éoðõéoöèß   ð�ÝoÝ«ß[òuçíð|æ × Ù$æÞÛ ×Þ� é �
òcéoÝoÜ   éoÜÞÝ«ß[ò Ù(æíòuÙ × ßýéoöèßõô Ý � Ù(æ��JßCÛ � æ × éoöÞß ô ß[òcé��JßGÛïñ ð × ÜÞì$ß�ò � ò÷òcöÞð[üýæøÙ$æ ØÚÙ$Û�ÜÞÝoß��ãó�ô÷öèß ô Ý � Ù$æ
ñøð × ÜÞì$ß òuöÞð[üýæ Ù(æ Ø Ù$Û|ÜèÝoß�� �q�J� Ù?òõòuöèð�üýæ � é � êíæÞßCÝ ì$ß � ßGìÚð[î × ßCé � Ù$ì�Ù$æ ØÚÙ(Û|ÜÞÝ«ß	� ÿ üýöÞßCÝoßáéoöèß
Ù(æãé«ßCÝ ��  éoÙ(ð|æúð[î�éoöÞßýð�çÞéoÙ(ñøÙ�
 � éoÙ(ð|æ � ì(Û|ð|Ý«Ù$é«öÞñ � æ × éoöÞßýð �� ß   é«Ù � ß îÜÞæ   é«Ù$ð�æ   ð|ñøçèÜÞé � éoÙ$ð�æúñøð × ÜÞì$ß
Ù�òÚÙ$ì(ì$ÜíòcéoÝ � éoß × ó�� × ßCé � Ù$ì$ß × � Ù$ßGü ð�î�éoöèß������������������� "!$#�%�&��'(#*)+�%#-,.�/'(0/� òuöÞð[üýÙ$æèÛ éoöÞßýÙ(æãé«ßCÝ ��  éoÙ(ð|æ
� ßCécü÷ßGßCæ éoöèßøòcßCÛ|ñøßGæãé � éoÙ(ð|æ � ì(Û|ð|Ý«Ù$é«öÞñ ñ ð × ÜÞì$ß � æ × éoöÞß çÕßGÝuîð|Ý«ñ � æ   ß ñ ßCéoÝ«Ù  ú  ð|ñøçÞÜèé � é«Ù$ð�æ
ñøð × ÜÞì$ß Ù?òûòuöÞð[üýæ Ù$æþØ Ù$Û|ÜèÝoß21 �q�J� ó ØÚÙ$æ � ì$ì43 ÿí� � ì(ð�üýæ65�ÜÞç � Ù$ßGü ð�î éoöèß�ô ß[òué ñ ð × ÜÞì$ß òcöÞð[üýæ Ù(æ
ØÚÙ(Û|ÜÞÝ«ß7� ����� Ù�òýòuöÞð[üýæ Ù(æ ØÚÙ$Û�ÜÞÝoß81 ����� ó

9;:�< =.>@?BADC$>EC(FHGJIKFBLMG�NBCPORQTSADU�S$GJIKVTFXWYC(G�NBV;Z�VTADVHL[

äqæþéoöèÙ?ò òcß   éoÙ(ð|æ ü÷ßáòuöèð�ü öÞð[ü � ÜíòußGÝ  C� æþÙ(ñøçÞì(ßCñ ßGæãé ß �|  öþòcéoßCçþð[î÷é«öÞßúê � ß\59òué«ßCç ß � � ì$Ü � éoÙ(ð|æ
ñøßGéoöÞð × ð�ì$ð�Û]3 × ß[ò   Ý«Ù � ß × Ù(æ^�Jß   é«Ù$ð|æ`_ãó8a ��  ö � � Ý«Ù �[� ì$ß�Ù(æ éoöèß�ñøßCéoöèð × ð|ì(ð|Û]3 Ù?òëñ � çÞçíß × é«ð �
òcçÕß   Ù�ê   ç � Ý � ñøßCéoßGÝïêíì(ß � æ × ß �|  ö òcéoßCç Ù?òúñ � çÞçíß × é«ð � òcçíß   Ù�ê   Û�Ýoð�ÜÞç ð[î ñøð × ÜÞì$ß[òõÙ$æ éoöèß
ç �� cb�� Û|ßJó

d óëô÷öèß é«Ý � Ù(æÞÙ$æèÛ ×Þ� é � òcßCéfe Ù?ò òcçíß   Ù�êùß × Ù$æþé«öÞß�Ù$ñ � Û|ßõÝoðJð�éúæ � ñøßúì(Ù?òcé êíì(ß � ì?òué � ó ô÷öÞßúêíì(ß
æ � ñøß � æ × ì(ð  C� é«Ù$ð|æ�ð[î�éoöÞß ì$Ù?òcé êùì$ß � æ × éoöèßýì$ð  C� éoÙ$ð�æ�ð�îíé«öÞßýÙ$ñ � Û|ß � æ × Û|Ý«ð|ÜÞæ × éoÝoÜèéoö�êíì$ß[ò

�



g(h i jlkmi n o pqi rts uwvmi rlxto n ywrzpqi rls { |gg~}zi x�u v~k�h � | k�h �w| ����� k�h rl| { � y�n i s o pqo rz� kzv y ��h � | kzv y ��h �w| ������kzv y �&h rz|�}�v yw�� ���zuws ut�����zuws ul� ����� ���zuws ut�����zuws ul�����zuws ul� ���zuws ut� �D�luws ul� �����*�D�luws ul�����zuws ul�� ���zuws ut�����zuws ul� ����� ���zuws ut�����zuws ul�����zuws ul� ���zuws ut� �D�luws ul� �����*�D�luws ul�����zuws ul�� � � ����� � � � � � ����� � �� � � ����� � � � � � ����� � �� � � ����� � � � � � ����� � �� ���zuws ut�����zuws ul� ����� ���zuws ut�����zuws ul� �D�zu s ul� ���zuws ul� ���zuws ul� �����*�D�luws ul�����zuws ul�
��kzs o p�uwv �4uwn uwpqi s i n ��iw� s y�n��~��kmuwn uwp$���~��kmu n uwp(�t�~��������kmu n uwp-�����kzs o p�uwv ��i n � ywn p�uwrm� i ��uwv �zi&�~���zuws ul�
g~�4rm��y ��s �ziKs n uwo rlo rz�l�

� b �

� � �l�H �¡z��� ¢q�l£ ¤t¥ ¦ §4� ¦ ¨m©ª4�t«m¡l¬  q��%®4�l¥K¨z¯K¨m®�° �z¤�� ¦ «±�²¯ �©�¤�� ¦ ¨z©.�t«m¡z¬ 4¡z� ¦ ¨m©�£w³§�´ µt¶ ·�§�´ ¸z¶ ·�³l³t³t·�§�´ ©4¶ ¹��¥ ¥ �t©º�²¨m®�° �l¤t� ¦ «±�q¯ �©4¤t� ¦ ¨m©.§4¡z¥w¡z�%�t� �l¥�«±�z¤�� ¨m¥&«z¡z¬ ��±»¼ �t¥ �½� ¼ �½¨z®�° �z¤�� ¦ «±�²¯ �©�¤�� ¦ ¨m©�§�¡l¥w¡z�%�l� �t¥&«±�l¤t� ¨m¥&¦ £&� ¼ �§4¡z¾m�¿£ �l¾z���t©º�w¡z� ¦ ¨z©�§4¡z¥w¡z�%�t� �l¥�«±�z¤�� ¨m¥&®4�l¦ ©4¾/� ¥ ¡z¦ ©��zÀ�³©�¦ £&� ¼ �¿Àº¦ �%�l©4£ ¦ ¨m©4¡z¬ ¦ � Á/¨z¯D� ¼ �½§4¡z¥w¡z�%�t� �l¥�«±�z¤�� ¨m¥t³£ ¤�¨m¥ � ¹��¥ ¥ �t©º�²§��t¥ ¯ ¨m¥ ��¡z©4¤t���%�z¡m£ 4¥ �m·º¦ ©.� ¼ ¦ £²¤t¡m£ �m·� �lÂº� ¬ ¦ ©4�q�t¥ ¥ ¨m¥q¥w¡z� �±³� ¦ �%¦ ©�¾ Ã ¼ �½� ¦ ���q¦ �²� ¡zÄ±�z£&� ¨%¨z®4�w¡l¦ ©.� ¼ �¿¤��¥ ¥ �t©��q£ ¤t¨m¥ �±³§�¬ ¨zÅ½´ µ�¶ ·�§�¬ ¨zÅ½´ ¸l¶ ·�³t³l³t·�§�¬ ¨zÅ½´ ©�¶ Ã ¼ �½¨z®�° �z¤�� ¦ «±�²¯ �©�¤�� ¦ ¨m©�§�¡l¥w¡z�%�l� �t¥&«±�l¤t� ¨m¥²«m¡z¬ 4��� ¼ ¡l�¾z¦ «±�z£K� ¼ ��®��l£ ��£ ¤�¨m¥ �¿£ ¨c¯ ¡l¥t³ª�¬ ¨zÅ Ã ¼ �½®4�z£ ��£ ¤t¨m¥ �¿£ ¨/¯ ¡z¥&ÆÇ¦ ©�� ¼ ¦ £²¤l¡z£ �±·4� ¼ ����¦ ©�¦ �/��� �lÂº� ¬ ¦ ©4�q�t¥ ¥ ¨m¥q¥w¡z� �¿£ ¨/¯ ¡z¥t³

��2}�

�djwa�i�5#. �ã1o	 s�.�0-5 b jm`�jw`�a�5-.�/4^�5-0��4zm.�p�^�5#1 b 0+� 	 s�.Qp�^�5#1 b 0ñj eoe s�^���`Cjw`�� b � b `�c¯0#s�.�c%. e kl5#jm/�0#jm^�`
^�po. b k<s�kl^�zwi�1C`C.+`*0#5-n3jm`�� b �oj e�e sS^!��`�jm`��X2��<�

ÈÊÉDËwÌzÍ±ËwÎ Ï Ð�ËwÑzÒ ÓwÔ±Ë ÑzÕmÏ Î ÖtÑmÐ½Ë ÑzÒ × ØÈÈqÙ Ð½Ú ÑºÛlÍmÔ Ñ±Ü¿Î Ú Ñ±Ý±Þ ÑºÛlÍmÔ ß Ñ±Ü/Î Úlß Ñ±Ü¿Ï × ß Ñ±à�Î Î ß ÑºáKÒ ß × â ÖtÎ Ë Ò Ï Ð�Ï ÑmÚÉDÏ Ð�Ú Î ÖlÖtÒ Ñ±Ó�Ð�Ë�ãtØäÉKåmÓ�Ò ÓlØæÉKåmÓ�Ò ÓzØçÉKåmÓ�Ò ÓzØèÉKåmÓ�Ò ÓzØ ÉKåmÓ�Ò ÓzØ ÉKåmÓ�Ò ÓzØ�ÉKåmÓ�Ò ÓzØ�ÉKåmÓ�Ò ÓzØæÉKåmÓ�Ò ÓzØéÉKåmÓ�Ò ÓlØÉDÏ Ð�Ú Î ÖlÖtÒ Ñ±Ó�Ð�Ë²êzØäÉKåmÓ�Ò ÓlØæÉKåmÓ�Ò ÓzØçÉKåmÓ�Ò ÓzØèÉKåmÓ�Ò ÓzØ ÉKåmÓ�Ò ÓzØ ÉKåmÓ�Ò ÓzØ�ÉKåmÓ�Ò ÓzØ�ÉKåmÓ�Ò ÓzØæÉKåmÓ�Ò ÓzØéÉKåmÓ�Ò ÓlØ
ë ë ë ë ë ë ë ë ë ë ëë ë ë ë ë ë ë ë ë ë ëë ë ë ë ë ë ë ë ë ë ëÉDÏ Ð�Ú Î ÖlÖtÒ Ñ±Ó�Ð�Ë²Ü�ØìÉKåmÓ�Ò ÓlØæÉKåmÓ�Ò ÓzØçÉKåmÓ�Ò ÓzØèÉKåmÓ�Ò ÓzØ ÉKåmÓ�Ò ÓzØ ÉKåmÓ�Ò ÓzØ ÉKå±Ó�Ò ÓzØ�É�åmÓ�Ò ÓzØYÉ�åmÓ�Ò ÓzØéÉKåmÓ�Ò ÓzØ
í�î Ë²ÓwÕlË Î Ó�ÚtË&Ò ËwÌzÒ Ô Ï ÑmË�Ótâwâ ï±Î Ótâ ð¿ñòÉKå±Ó�Ò ÓzØ
È(à�Ñ±å½Öwó�Ò Ëw× Ò Ï Ñ±Ú ë

� b �

¹�¨z¬ 4�%©\ôD©º� ¥ Á ¢q�z£ ¤�¥ ¦ §�� ¦ ¨z©� ��¾ Ã ¼ �½¥ ¨±¨m��©4¡z����¨z¯D� ¼ �¿¤�4¥ ¥ �l©º�²¦ ��¡z¾m�qõ4¬ �±³©�ö±§4¬ Ã ¼ �½©º4�c®4�l¥&¨l¯�£ §4¬ ¦ �²�l¥ ¥ ¨m¥w£�³©4÷\¥ ¾ Ã ¼ �½©º4�c®4�l¥&¨l¯ ¼ ¨m¥ ¦ øl¨m©º�w¡l¬����t¥ ¾m���l¥ ¥ ¨m¥w£�³©4ª�ù Ã ¼ �½©º4�c®4�l¥&¨l¯D¯ ¡l¬ £ �¿¡l¬ ¡z¥ �ú�l¥ ¥ ¨m¥w£�³©�ö±§4¬ û Ã ¼ �½©º4�c®4�l¥&¨l¯�£ §4¬ ¦ �²� �lÂº� ¬ ¦ ©4�l£�³©4÷\¥ ¾±û Ã ¼ �½©º4�c®4�l¥&¨l¯ ¼ ¨m¥ ¦ øl¨m©º�w¡l¬ ¬ Á%���t¥ ¾m�lÀ/� �lÂº� ¬ ¦ ©4�l£�³©4÷\¦ £ û Ã ¼ �½©º4�c®4�l¥&¨l¯K�%¦ £ ü Àº�l� �z¤�� �lÀc� �lÂº� ¬ ¦ ©4�l£�³©4ôK¥ ¥wû Ã ¼ �½©º4�c®4�l¥&¨l¯K�t¥ ¥ ¨z¥�� �lÂº� ¬ ¦ ©4�l£²ý � �lÂº� ¬ ¦ ©4�l£�� ¼ ¡z��¡z¥ ��t¦ � ¼ �l¥²£ §4¬ ¦ �t· ¼ ¨z¥ ¦ øt¨m©º�w¡z¬ ¬ Ác�%�l¥ ¾m�zÀc¨m¥²�%¦ £ ü Àº�l� �l¤�� �zÀ4þw³©�ÿ�� ¬ Ã ¼ �½©º4�c®4�l¥&¨l¯K¾z¥ ¨m�©�Àº� ¥ �� ¼ � �tÂº� ¬ ¦ ©��z£w³£ ¤t¨m¥ � Ã ¼ �½§��t¥ ¯ ¨m¥ �.¡z©4¤��½�%�z¡m£ 4¥ �½ý � �lÂº� ¬ ¦ ©4���l¥ ¥ ¨m¥²¥w¡z� �/þ&¨m©\¤��¥ ¥ �t©��²¦ �.¡z¾z�±³� ¦ ��¦ ©4¾ Ã ¼ �½� ¦ �%���w¡zÄ±�t©�� ¨c¨m®��w¡z¦ ©\� ¼ �¿£ ¤�¨m¥ �m³

��2}�

�djwa�i�5#. ��1�	 s�.L0#. e 0�5#.�/4^�5-0��4zw.Õp�^�5-1 b 0�� 	 s�.�p�^�5-1 b 0�j e�e sS^!��`�jm`�� b � b `4c�0#s�.>c*. e kl5-jw/�0-jw^�`�^!p
. b kts�kl^�zmi�1�`C.�`%0-5-n3jm`�� b ��j e�e sS^!��`�jm`��X2��<�

"



 

Groundtruth

Document
Images

Dataset
Filename List

(lst)

Benchmark
Algorithm 

Parameter File
(bpr)

Segmentation
Algorithm 

Parameter File
(spr)

(sh)

Segmentation
Algorithm
Shell File Data Structure

Parameter
Benchmark Alg.

Data Structure
Alg. Parameter
Segmentation

(TIF)

(DAF)

ReadBenchParam ReadSegParam

Weight
File

(wgt)

Optimization
Algorithm

Parameter File
(opr)

Algorithm
Optimization

Data Structure

ReadOptParam

Train Protocol
File
(trp)

ReadTrainProtocol

Train Protocol
Data Structure

Train

(trr)
File

Train Report

 Test

Test Protocol
Data Structure

Groundtruth

Document
Images

Test Report

Dataset
Filename List

(lst)
File
(tep)

Test Protocol Benchmark
Algorithm 

Parameter File
(bpr)

Weight

(wgt)
File

(sh)

Segmentation
Algorithm
Shell File Data Structure

Parameter
Benchmark Alg.

File
(ter)

(TIF)

(DAF)

ReadBenchParam ReadSegParamReadTestProtocol

Optimal
Segmentation

Algorithm 
Parameter File

(spr)

Data Structure
Alg. Parameter
Segmentation

Optimal

� b � ��2}�

�djwa�i�5#. �ã1���b 5 b 1C.+0-.�5�5-. b c*jm`Sa e 0 b a�.�^!p�0-s�.30-5 b jw`�jm`�a�/�s b�e .J� b � b `�c�0#s�.y0-. e 0-jw`�a�/�s b�e .J��2}�<�
� 0L0#s�j e zm.�v .�z�|}v b 5#jm^�i e / b 5 b 1�.�0-.�5��4zw. eLb 5-.C5#. b c�jm`%0-^J0#s�.�jw5Lk�^�5-5#. e /4^�`4c*jm`Sa�c b 0 b�e 0-5#i4kl0#i�5-. e
��s�j�kts b 5-.�p�.�cCjm`%0-^y0#s�. 	 5 b jm` b `4c 	 . e 0�1C^%c*iSzm. e �

Test Protocol

Data Structure

Benchmark 
Alg. Parameter
Data Structure

Segmentation
Algorithm
Shell File

(sh)

Weight File
(wgt)

 

(trr)
File

Train Report

Optimization
Algorithm

(spr)
Parameter File

Algorithm
Optimal Seg.Optimization

Data Structure
Alg. Parameter

Document
Images
(TIFF)

Groundtruth
(DAF)Objective

Function
Genscore

Segmentation
Alg. Parameter
Data Structure

Average Score

�djwa�i�5#. "ã1�	 s�. 	 5 b jm`�1C^%c*i�zw. � , `�0-s�j e 1C^%c%i�zm. |%0-s�.>^�2��x.�k�0-jmv .�p�i�`4kl0#jm^�`�j e ^�/�0-jw1Cjm��.(c�^�v .�5 b
a�jmv .�`�0#5 b jw`�jm`Sa�c b 0 b�e .�0�� 	 ��^C�4zm. egb 5-.ya�.�`�.�5 b 0#.�cJ2*n�0-s�j e 1C^%c*iSzm. | b 0-5 b jm`�5#.�/4^�5-0��4zw.��X0#5-5l�
b `4c b `J^�/S0-jm1 b z e .�a�1�.�`*0 b 0#jm^�` b zma�^�5#jm0-sS1 / b 5 b 1C.+0-.�5o�4zm.3� e /�5l�r�

b 5-. e /T.(klj �4.(c jw`J0#s�.L0#5 b jw`�jm`Sa�/�5#^�0#^%kl^�zd��zm.3�X0#5-/}�r� 	 sSj e jm`*p�^�5-1 b 0-jm^�`�j e z b 0#.�5�5-. b c�jm`%0-^
0#s�. 	 5 b jm` � 5-^�0-^%kl^�z ��b 5 b 1C.�0-.+5 �gb 0 b � 0-5#i4kl0#i�5-. b�e\e s�^���`Cjm`��Gjma�iS5-. � � b �<��� jm1�jmz b 5-zwn | b
0#. e 0gc b 0 b�e .�0�Rêj e�e /4.�k�j �4.�cCjw` b `�^�0#s�.�5�jm1 b a�.�5#^ ^�0�` b 1C.�zwj e 0\�4zm.y��z e 0l�<� 	 s�.��4zw.h` b 1C.
b `4c[zm^%k b 0-jw^�` ^!p�0#s�.Jzwj e 0L��zm. b `4cV0-s�.�zm^%k b 0-jw^�`[^�p�jm1 b a�. b `4c a�5-^�iS`4c*0-5#i�0-s[��zm. eyb 5-.
e /4.�klj ��.�cCjm`�0-s�.�0#. e 0�/�5#^�0#^%kl^�zd��zm.y��0-.�/}�r� 	 s�j e jm`%p�^�5-1 b 0-jw^�`Cj e z b 0-.�5�5#. b c�jm`%0-^y0-sS.h0#. e 0
/S5-^�0#^%kl^�z�/ b 5 b 1�.�0-.�5>c b 0 b�e 0-5-i�kl0-i�5#. b�eye s�^���`Vjm`ö�djwa�i�5#. � ��2}�<����0-sS.�5L.��%/4.�5-jw1C.�`%0 b z
/S5-^�0#^%kl^�z�/ b 5 b 1C.�0#.�5 eoe i�kts b�e �4zm. e i��C� b `4c b zma�^�5-jw0-s�1 e i e .�c b 5-. b z e ^ e /4.�klj ��.�c¯jw`C0-sS.
0#5 b jm`�jw`�aC/�5#^�0-^%k�^�z��4zm.��X0#5-/}� b `4cJ0-. e 0�/�5#^�0#^%kl^�zd��zm.C��0-.�/��<���djwa�i�5#. eQ$ � b � b `4c��X2�� e s�^��
a�.�`�.�5#j�kQp�^�5#1 b 0 e p�^�5Q0#s�. e .�0x�\^L��zm. e�b `4c[�djwa�i�5#. �3e s�^�� e�e-b 1�/�zm. e ^!po0#s�. e .h0x��^L�4zm. e �

$ � 	 sS.Q/4.�5xp�^�5-1 b `4kl.�1C.�0#5-j�k.`��bJ0LONBL5d��dj e kl^�1C/�i�0#.�chjw`y1C^%c*i�zw.~;�| e s�^���`�jw`7�djma�i�5-. eo& � b �
b `4cB��2}�<���bJ0LNh�ñj e�b `��Xjw1 b a�. | a�5-^�i�`4c*0#5-i�0#s}��/ b jw5�|*��sSj�k<sCj e 5-.�/�5#. e .+`*0#.�c�2%n�0x�\^ e jw`�a�zw.
/ b a�. e jm`ê0#s�. b 5<k<s�jw0-.�kl0#i�5-._| b `4c%d j e 0#s�. e .+a�1C.�`%0 b 0-jw^�`ê5-. e i�zw0��4zm.�5#.�/�5#. e .�`%0-.(c[2*n
�_.�a�1C.+`*0 b 0-jw^�` � . e i�zw0C�
c b p e �r� 	 s�.�.�5#5-^�5 kl^�iS`*0#.�5 b zma�^�5-jw0-s�1 p�^�5>a�.�`�.+5 b 0#jm`�a b�e .�0>^!p
.+5-5-^�5\1C. b�e iS5-. e j e jm1C/Szm.�1C.�`%0-.�c�jm`C0#s�.��T3����	� 1C^%c*i�zw. � , `�0-s�.
�T3����	���������������1C^%c*i�zw. |

&



 

Bench

Finished ?

Y

Seg Module

ReadWeight

Segmentation
Algorithm Benchmark 

ParameterAlg.

BenchScoring

Error
Measurement
Data Structure

Data Structure
Score

Score
Average

Compute

Average Score

Weight 

Data Structure

Weight File
(wgt)

Alg. Parameter
Segmentation

Data Structure
Shell File

(sh) Data Structure

SetUp

Experimental
parameters

Experiment 
Environment

N

Select Next
Image and

Groundtruth
Pair

Groundtruth

Parameter

Images
Document

(TIF)

Train Protocol

Data Structure

(DAF)

(TIF)

Document
Image

(dafs)
Result

Segmentation

Groundtruth
(DAF) C

BA

 

Bench

Finished ?

Y

Seg Module

ReadWeight

Segmentation
Algorithm Benchmark 

ParameterAlg.

BenchScoring

Error
Measurement
Data Structure

Data Structure
Score

Score
Average

Compute

Average Score

Weight 

Data Structure

Weight File
(wgt)

Shell File
(sh) Data Structure

Φ  =
1 - Average Score

Test Report
File
(ter)

Data Structure
Alg. Parameter
Segmentation

Optimal

SetUp

Experimental
parameters

Experiment 
Environment

N

Select Next
Image and

Groundtruth
Pair

Groundtruth

Images
Document

(TIF)

(DAF)

Test Protocol
Parameter

Data Structure

Document
Image
(TIF)

Groundtruth
(DAF)

Result
Segmentation

(dafs)

C

BA

� b � ��2}��djwa�i�5#. &�1 � ^!p�0x� b 5-. b 5<k<s�jw0-.�kl0#i�5-. e ^�p\0#s�.L^�2��x.�kl0#jmv .�p�i�`4kl0#jm^�`�1C^%c*i�zw. b `4c�0-s�.>0-. e 0�1C^%c*i�zw. �
� ^%c*iSzm. � 5#.�/�5-. e .�`%0 e 0#s�.�/ b a�. e .�a�1C.+`*0 b 0-jw^�` b zma�^�5#jm0-sS1 1C^%c*i�zw. |�1C^%c*i�zw.�; 5#.�/�5#. e .�`%0 e
0#s�.�/ b a�. e .�a�1�.�`*0 b 0#jm^�`�.�5-5#^�5>kl^�i�`*0#.�5 b `4c e kl^�5-jw`�a�1C^%c*i�zw. | b `4c�1C^%c*i�zw.���5-.�/S5-. e .�`*0 e 0-sS.
^�2��x.�kl0-jwv .Cp�i�`4kl0#jm^�`V1C^%c%i�zm. � 	 s�.J0#. e 031C^%c*i�zw.�jm`��X2}�>s b�eCe i�2 � 1C^%c%i�zm. e3e jw1Cjmz b 5>0-^�0-s�^ e .
jw` � b �r� , 0 b z e ^�s b�eyb 1�^%c*i�zm.yp�^�5 kl^�1�/�i�0-jw`�a b ��` b z�0-. e 0-jm`SaJ/4.�5�p�^�5-1 b `4kl. e kl^�5#.�� b v .�5 b a�.
0#.��*0#zmjw`�. b k+kli�5 b kln4�<�

b �\.+jma�s%0-.(c .+5-5-^�5y1C. b�e i�5#. �c} `��KJMLONBL5dh�>j e k�^�1C/�iS0-.�c}� 	 s�.�p�^�5-1 b z�c*.��4`�jm0#jm^�` e ^!p
.+5-5-^�5�1C. b�e i�5-. e�b `4c�/T.+5�p�^�5#1 b `�kl.L1C.+0-5-j�k e�b 5-.3a�jwv .�`�jm`�0#s�. � /�/4.�`4c*jw�}� 	 ^�kl^�1C/Si�0-.
b /4.�5�p�^�5-1 b `4kl.�1�.�0-5#j�k�|�0x��^yjm`�/�iS0\�4zm. e | b 24.�`4k<s�1 b 5#{ b zwa�^�5#jm0#s�1 / b 5 b 1�.�0-.�5o�4zm. �X2�/�5��
b `4c b �\.+jma�s%0L�4zw.B����a�0��<| b 5-.�5-.�� i�jw5-.�c}� � � b 1C/Szm. e ^!p�0#s�. e .�0x�\^J��zm. eyb 5-. e s�^���`[jw`�Gjma�iS5-. �+� � uge .�5 e k b ` e i�2 e 0-jw0-i�0#.L0-sS.�jm5�^���`J/4.�5xp�^�5#1 b `4k�.�1C.�0#5-j�k e\b `�c�.�5#5-^�5gkl^�i�`*0#.�5 e
jw`B/Sz b k�.y^!p�0#s�. e .�0x�\^�1C^%c*i�zw. e �QA�^!��.�v .�5+|T0#s�j e�b z e ^�5-.û�'i�jw5-. e 0-s b 0h0#s�.3i e .�5 e ��5-jm0#. b
`S.����T3Â6����*3��������~6��Â6�� 1C^%c*i�zw. b `4c�c*.l�4`S. b `�.��û24.�`4k<s�1 b 5#{ b zma�^�5#jm0-sS1 / b 5 b 1C.�0#.�5
c b 0 b�e 0-5#i4kl0#i�5-. b�eQe s�^���`Jjw`[�Gjma�iS5-. � �

� � 	 sS.�^�2��x.�kl0#jmv .dp�iS`4kl0-jw^�`fmd�Ki�j � P�L5hcL@`*�}j e 5-.�/�5#. e .+`*0#.�c�2*n�0-sS.\1C^%c*iSzm.���jm`f�djma�i�5-. & � b �r|
��sS.�5-.�/ b a�. e .+a�1C.�`%0 b 0-jw^�` b zwa�^�5#jm0#s�1 h j e 5-.�/S5-. e .�`*0#.�cB2%nV1C^%c*i�zw. � |�0-sS.�0#5 b jm`�jw`�a
c b 0 b�e .�0�P j ege /4.�klj��4.�c�jw`�0-s�.y0#5 b jm`�/�5#^�0-^%k�^�z�/ b 5 b 1C.�0-.+5�c b 0 b�e 0#5-i4k�0-i�5#. |}0-sS.ykl^�1C/�i �
0 b 0#jm^�`�^!pÑ/4.�5�p�^�5-1 b `4kl.y1C.�0#5-j�ka`�j e kl^�`4c*i4kl0#.�cJjm`�1�^%c*i�zm.7;�| b `4c�^�2��x.�k�0-jmv .�p�i�`4kl0#jm^�`
/ b 5 b 1C.�0#.�5\v .�k�0-^�5!i j j e 5-.+/�5-. e .�`%0-.�cy2*n30-sS. e .�a�1C.�`%0 b 0-jm^�` b zma�^�5-jw0-s�1 / b 5 b 1C.�0#.�5�c b 0 b
e 0-5#i4kl0-iS5-.Jjw`V0-s�. b 5<k<s�jw0-.�kl0#i�5-._� 	 s�.J^�/�0-jw1Cjm� b 0-jw^�`�/�5#^%kl.�c*iS5-.�j e3e s�^���` jm`W�Gjma�iS5-. "
jw` b�e jm1�/�zmj��4.�c�5#.�/�5-. e .�`%0 b 0-jm^�`�� , ` b c�c%jm0-jw^�`�| b 24.�`�kts�1 b 5-{ b zma�^�5#jm0-sS1 / b 5 b 1�.�0-.�5��4zw.
��2�/�5��<|\��.�jma�s*0L�4zw.�����a�0l�r| e sS.�zmz\�4zw.�� e s��<|\zwj e 0y�4zw.B��z e 0l�<|o0-5 b jw`�jm`�a�/�5#^�0-^%k�^�zQ�4zw.��X0-5#/}�<|

�



� �=/  3 � 3 � . � ; A<� / 3 
� �1��A / 	 � 	1�  #� D�4���� 	 � .5q 	�®61� E��! #" $% & & &�®> �$5 @ $ * 5(' @
�(������� ��� � � /  3 � � # � �&$'�)$*$+ �(� '�* ��, �$- ' �	) * � ) 
 3 /  F% ) > �$5 @ ) *,+ - - - ) � +�&$> - �1,-) > - + � +�)$' �-) �(� 6 �#)- 5 & �$- ' �	) * � ) 
 3 /  F% ) > �$5 @ ) *,+ - - - ) � +�&$> - �1,-) > - + � +�)$' �-) - 5q� & ��D�- + )& � � *$676 - 8 ��� �(� 6� & � *$676 - 8 ��� �1 * �- 5 & � *$676 - 8 �ÇD�- + � ��- 6� ' �(- + ' ��� *(> � �$- ' ��� ))$@ � � >�& � � 3 
A!# � ;D�� + � >�& � � � ;1� # 3 �!� E< � � �� � & � >7& �Ç� 	 � � � / 01


.0/�1 2 341 5%671 8 9 :;1 <%3!6�8 = 3 =%> ? @.0A,B�CED#= <�F;GH? =.0I�1 JLKNM%O P�M Q Q Q.0R�S�GHT!P7U-GWV,T
X SN/!S�D%Y,/ Z�3 1 2 3 K @ 2 3[-\-]�U-^ X /4\EU�/E_ X�` \aZcb d 2 b :e9 8 ? f�M#b RLS�GHTEb U4g ` ` ` b Y,^�[�R ` D%_�b R ` ^�YNg	]-\ X b X S-I,D�b` Gh[ X�` \ Zcb d 2 b :e9 8 ? f�M#b RLS�GHTEb U4g ` ` ` b Y,^�[�R ` D%_�b R ` ^�YNg	]-\ X b ` GhS-[�YNA ` ^ib[-/ D%U�I!I ` j Z0K X S-ID�[ D%U-INI ` j Z0K k�? d 2` Gh[ D%U�I!I ` j ZlA ` ^iK / ` I/4Y,D%/ \-Y,D%U�R%/ X-` \ Z0K bA4YN^ S�RL[ Z�3 1 5%3 @ 9 <�1 J�? 2 1 kD%YE[ S�R![ Z�5%B�> m�3

� b � �X2}�
�djwa�i�5#. �ã1 � b 1C/�zw.o/�5-^�0-^%kl^�z'�4zw. e �)��5-^�1 2T^�0-sy0#s�.\0#5 b jw`L/�5#^�0#^%kl^�z �4zm.g� b � b `4ch0#s�.\0#. e 0G/�5-^�0-^%kl^�z
�4zw.3�X2}�r|*�\.Õk b ` e .+.�0-s b 0�0-s�.�zwj e 0o�4zm. e ^!pñ0-sS.�0-5 b jm`Sjm`�a3c b 0 b�e .�0 b `4cC0#. e 0Ñc b 0 b�e .+0 b 5-.Q4;��6����09·8�n4
b `4c?4�3on4�9·8�n4q5#. e /4.�kl0#jmv .�zwn |40-s�.3^�/�0#jm1Cjw� b 0#jm^�` b zwa�^�5-jm0#s�1 i e .�c�j e 0-s�.p�q���srM8#3ot b zma�^�5#jm0-sS1�|}0-sS.
24.�`4k<s�1 b 5-{%jm`�a b zwa�^�5-jm0#s�1 i e .�c[j e 0#s�.vuM3ot�4�8N���03�wHx6�n�3W� b zwa�^�5-jm0#s�1�|�0-sS.�/ b a�. e .�a�1C.+`*0 b 0-jw^�`
b zma�^�5-jw0-s�1û0-5 b jm`�.(chj e 0-sS.zy�����n4e��{|� b zma�^�5#jm0-sS1�| b `4cL0#s�.\/ b a�. e .�a�1�.�`*0 b 0#jm^�` b zma�^�5-jw0-s�1~0-. e 0-.(c
j e 0#s�.~}�w����c{�4 b zwa�^�5-jm0#s�1��G�B.>k b ` b z e ^y�4`4c�0-s�.�zm^%k b 0-jw^�` e ^!p·0-s�.�a�5#^�i�`�c*0-5#i�0-s��4zm. e |�jm1 b a�.
�4zw. e�b `4c�0-5 b jw`�jm`�a b `4cB0-. e 0�5#. e i�zw0��4zm. e � � ^�5#.�^�v .�5�|�0-s�. e i|���%. e p�^�5>v b 5-jw^�i e �4zw. e�b 5-.3a�jmv .+`
p�^�5��4zw.�` b 1C.g1 b `�jw/�i�z b 0-jw^�`Cjw`�0-s�. � � �o	����o, �

^�/�0-jw1Cjm� b 0-jw^�` b zma�^�5#jm0-sS1å/ b 5 b 1C.�0#.�5��4zm.���^�/�5�� b `4c e .�a�1C.+`*0 b 0-jw^�` b zma�^�5#jm0-sS1å/ b 5 b 1C.�0#.�5
��zm.�� e /�5l� b 5-.y5#.�� i�jm5#.�cC0-^�kl^�`�c*i4kl0�^�2��x.�k�0-jmv .�p�i�`�kl0-jw^�`�^�/S0-jm1�jm� b 0-jm^�`���� b 1�/�zm. e ^!p�^�/�5
b `4c e /�5 b 5#. e s�^���`3jm`7�djwa�i�5#. � � 	 s�.�a�.�`S.�5-j�k·�4zw.\p�^�5-1 b 0G^!p�0#s�. e . e-b 1C/�zw.q�4zw. e j eñe s�^���`
jw`	�djma�i�5-. $ �

����������� ����� �N���l���7� ��� �,�4�7� �4�
���l� �4�-�7� �������o�4���4���,�7�,���
�c�0���   ¡
¢�£ ��¤o¥o¦   ���N� §��,�7¨ ���,�-§
�c� �l©   ª4«-«
¤ �c� ¥   «i¬ «-«4«-«-«i
� ¥ �¯®c�   4¬ «
°�± �W�   «i¬ ª
¦ � ��� �   ²i¬ «
� ��¦c� �   «i¬ ª
�   N«-«i³ ´-«�³ N«-«i³ ª4«
��¢�� ¥H±   ²4«�³ ²4«�³ ²-«i³ ²-«

�µ�	����©c¨ ¶·¢�¸��l�o�4�4�¹���,�4���,�i���4�7� �-�
�µ�l� �-�4�7� �7�����o�E�L�E���N���N�L�
� ¥W¦ � � �c±  »º ¸��;¼ ¼,�E� �
� � ©  ·N«-«
� � ¶  ½´4«
�c¢¯©  ·N«-«
�c¢¯¶  ½ª4«

� b � �X2}�

�djwa�i�5#. ��1 � b 1C/�zw. e ^!p b `�^�/S0-jm1�jm� b 0-jm^�` b zwa�^�5#jm0#s�1 / b 5 b 1�.�0-.�5��4zw.L��^�/�5�� b `4c bye .�a�1C.+`*0 b 0-jw^�`
b zma�^�5-jw0-s�1ï/ b 5 b 1C.�0#.�5��4zm.�� e /�5��<� �åe-b 1C/�zw.h�4zw.hp�^�5g0-s�.C� jw1C/�zw.���^�/�0-jw1Cjm� b 0-jw^�` b zma�^�5#jm0-sS1 j e
e s�^���`�jm`�� b � b `4c b�e-b 1�/�zm.��4zw.Õp�^�5�0-sS.  ���2 kli�0 e .�a�1C.�`%0 b 0#jm^�` b zma�^�5-jw0-s�1 j eQe s�^���`�jm`���2}�<�
	 s�.+jm5�c*.�0 b jwzm.�cC/ b 5 b 1�.�0-.�5Ñc*. e kl5-jw/�0-jw^�` e k b `�2T.�p�^�i�`4c�jw` 
 ��$�� �

	 sS.�^�/�0-jw1 b z�^�2��x.�kl0-jwv .hp�i�`�kl0-jw^�`�/ b 5 b 1�.�0-.�5�v .�kl0#^�5 li j j e�e 0-^�5#.�cJjm`�0#s�.y^�/S0-jm1 b z e .�a �
1�.�`*0 b 0#jm^�` b zma�^�5-jw0-s�1ï/ b 5 b 1C.�0#.�5\�4zw.C� e /�5l� e s�^���`�jm`õ�djma�i�5-. " � u�e .�5 e k b ` e i�2 e 0-jw0-i�0#.
0#s�.�jw5�^!��`�^�2��x.�k�0-jmv .�p�i�`4kl0#jm^�`�jm`�/�z b kl.�^!p·0-s�. b 5<k<s�jw0-.�kl0#i�5-. e s�^���`Jjw`	�djma�i�5-. & � b � b `4c
0#s�.�jw5L^���`V^�/�0#jm1Cjw� b 0#jm^�` b zma�^�5-jw0-s�1 1C^%c*i�zw.�jw`�0-s�.�/�z b kl.C^!pg0-sS.¿¾ÀrM4;���Á�,Â�6�4e�����ÄÃ�8#����w
���:4��Å� 1C^%c*iSzm. e sS^!��`�jm` �djma�i�5-. " � � a b jw`�| 0-s�.�ny`S.�.�cy0-^���5-jw0-.�`�.��[/ b 5 b 1C.�0#.�5�5-. b c*jw`�a
p�iS`4kl0-jw^�` egb `4c�c*.l�4`S.ykl^�5-5-. e /4^�`4c%jm`�a�c b 0 b�e 0#5-i4kl0#i�5-. e � 	 s�j e�e 0#.�/�a�.�`S.�5 b 0-. e 0x��^¯�4zw. e |

�



ÆÆ�Ç7È É Ê Ë�Ì�Í Î È Ï%Ð,Ñ Ò Ó Ô Í Õ#Ö × Ø Ù%Ø Ú Û × Ø Ü Û Ô Í ÍÆ�Ý�Õ#Í Þ%Ñ Ó Ê ËLÔ Í Î È Ï#È Ï#ß�Í Ê Ó Õ#É ÔNÑ à7Ô á#Ê-Ð,Ñ Ò Ó Ô Í Õ#ÖcÎ É ß Ñ Í È Ô á#Ö�Õ%Ó È Ï#ß�â È ÖiÞ#É Ê ã�Î É ß Ñ Í È Ô á#ÖeÛÆ�äEÓ Ê Í Ë�Ö�Î Ñ Ó Ñ Ï#ßÆ�ÐEÎ Ô Ê Ë!å æ ç × è ç Ú å å å ç;× æ Ë × Ú Ë Ú éÆ�ê,Þ#Ê Í Î Ô È Ï#ß�Ó ë#Ó Ô Ê Ö;Ë!â Õ#Ï�êEâ%Ø%é Û Ü Ø�ìNÊ Ï#Ê Í È Ò × å é × è × í × æÆ�î;Î Ò á#È Ï#ÊEÏ%Î Ö�Ê Ë7á%Î Ï#ï È Û Ò à Î Í Û Õ#Ö�ð�Û Ê ð ÕÆ	ñeÑ Í ò È Ï#ß�ð È Í Ê Ò Ô Ñ Í ë�ËLç á%Î Ï#ï È ç Ö�Î Ñ Ó Ñ Ï#ß#ç Ó Ñ à Ô óNÎ Í Ê ç â Ê ß ô�õ Î É Ì7Ñ Ñ É öEÈ Ô ç Þ%Ó Ê Ô í × Û å ç Ê ã Þ%Ê Í È ÖiÊ Ï Ô Ó ç Ì�Í Î È Ï%Ð,Ñ Ò Ó Ô Í Õ#ÖÆ�î;Î Ò á#È Ï#ÊEÔ ë Þ%Ê Ë!Ó Õ#Ï#Ù ÕÆ�÷LÑ Ö�Ö�Î Ï%ð�É È Ï#Ê Ë�Ì7Í Î È Ï�â Ê ß�í Þ�Ô Í Î È Ï Þ#Í Ñ Ô Ñ Ò Ñ É Û Ô Í Þ�í ø�ø%Ê Ï%Ò á7Û ø#Þ#ÍNí ÑiÓ È Ö�Þ#É Ê ã�Û Ñ Þ#ÍLí Ó,ð Ñ Ò Ó Ô Í Õ#ÖeÛ Ó Þ#Íí ó¯ó!Ê È ß á Ô Û ó,ß ÔNí Ô,Ì7Í Î È Ï%Ð,Ñ Ò Ó Ô Í Õ#Ö × Ø Ù#Ø Ú#Û × Ø Ü Û Ô Í Í!í ÍEð Ñ Ò Ó Ô Í Õ#Ö Ñ Þ#Ô È Ö�Î É × Ø Ù#Ø Ú Û × Ø ÜÆ
Æ�Ç#Ê õ Î É7Þ�ù × úµÞ�ù Ú ú�Þ�ù û ú�Þ�ù Ù úµÓ Ò Ñ Í ÊüÔ È ÖiÈ Ï#ßcÞ#É Ñ ó-ù × ú�Þ#É Ñ ó-ù Ú ú Þ#É Ñ ó-ù û ú Þ#É Ñ ó-ù Ù ú Ç7É Ñ ó× × Û å å å�Ù#Û å å å�Ú Û × å å�Ü#Û å å å�û æ#Û è ý Ù	Ú å Ü#Û Ü�× Û å å åþÙ%Û å å å�Ú Û × å å|Ü Û å å å�û æ#Û è ý ÙÚ Ú Û å å å�Ù#Û å å å�Ú Û × å å�Ü#Û å å å�û æ#Û Ü æ è�× é é#Û å�Ú Û å å åþÙ%Û å å å�Ú Û × å å|Ü Û å å å�û æ#Û Ü æ èû × Û å å å�é Û å å å�Ú Û × å å�Ü#Û å å å�Ù û#Û û û ý¯Ú å Ü#Û û�Ú Û å å åþÙ%Û å å å�Ú Û × å å|Ü Û å å å�û æ#Û Ü æ èÙ × Û å å å�Ù#Û å å å�û Û × å å�Ü#Û å å å�Ù Ù%Û å ý û�Ú å ý Û é�Ú Û å å åþÙ%Û å å å�Ú Û × å å|Ü Û å å å�û æ#Û Ü æ èé × Û å å å�Ù#Û å å å�Ú Û × å å|ý Û å å å�û æ#Û è ý Ù	Ú å Ù%Û Ú�Ú Û å å åþÙ%Û å å å�Ú Û × å å|Ü Û å å å�û æ#Û Ü æ èÜ × Û Ú é å�Ù#Û Ú é å�Ú Û × å å�Ü#Û Ú é å�û æ#Û ý Ü#×�× ý Ú#Û Ú�Ú Û å å åþÙ%Û å å å�Ú Û × å å|Ü Û å å å�û æ#Û Ü æ èý × Û é å å�Ù#Û é å å|× Û × å å�Ü#Û é å å�û Ù%Û ý × è�× Ü å#Û ÙµÚ Û å å åþÙ%Û å å å�Ú Û × å å|Ü Û å å å�û æ#Û Ü æ èè × Û ý é å�Ù#Û ý é å�å Û × å å�Ü#Û ý é å�û å#Û × û è�× é è#Û ÙµÚ Û å å åþÙ%Û å å å�Ú Û × å å|Ü Û å å å�û æ#Û Ü æ èæ × Û Ù û è�Ù#Û × è è|× Û Ü å å�Ü#Û Ù û è�û é#Û ý × å�× Ü Ú#Û Ùÿ× Û ý é åþÙ%Û ý é å�å Û × å å|Ü Û ý é å�û å#Û × û è× å × Û è ý é�û Û û ý é|× Û × å å�Ü#Û è ý é�Ú é#Û é × û�× é é#Û ×�× Û ý é åþÙ%Û ý é å�å Û × å å|Ü Û ý é å�û å#Û × û è× × Ú Û û#× Ú�Ú Û é Ü Ú�å Û Ü å å|ý Û û × Ú|× å#Û é × û�× é û#Û Ú�× Û ý é åþÙ%Û ý é å�å Û × å å|Ü Û ý é å�û å#Û × û è× Ú × Û ý Ü Ü�û Û è Ú è|× Û Ú Ú é�Ü#Û ý Ü Ü�û × Û å ý Ü�× é Ü#Û Ú�Ú Û û × Ú Ú#Û é Ü Ú�å Û Ü å åÅý Û û#× Ú|× å#Û é#× û× û Ú Û é û ×�û Û Ü é Ü�å Û û é å|ý Û é û#×¹Ú ý Û û ý Ú�× é û#Û Ú�Ú Û û × Ú Ú#Û é Ü Ú�å Û Ü å åÅý Û û#× Ú|× å#Û é#× ûÛ Û Û Û Û Û Û Û Û Û Û ÛÛ Û Û Û Û Û Û Û Û Û Û ÛÛ Û Û Û Û Û Û Û Û Û Û Û× Ü å Ú Û é û ûÅ× Û æ ý é�å Û Ü Ù ý�ý Û é Ù#ý�é Û û û Ü × é û#Û ÙµÚ Û é û é × Û æ ý è�å Û Ü Ù éÅý Û é é å�é Û û û Ü× Ü × Ú Û é û ûÅ× Û æ ý ý�å Û Ü Ù Ü|ý Û é Ù è�é Û û û Ü × é û#Û Ú�Ú Û é û û × Û æ ý é�å Û Ü Ù ý|ý Û é Ù ý�é Û û û Ü
ê,Þ#Ô È Ö�Î É Ý�Î Í Î Ö�Ê Ô Ê Í � Ê Ò Ô Ñ Í��¯Ú#Û é û û�× Û æ ý é�å Û Ü Ù ýiý Û é Ù ýê,Þ#Ô È Ö�Î É Ý7Ê Í à Ñ Í Ö�Î Ï%Ò Ê � Î É Õ#Ê��¯é#Û û û Ü
Æ�ô�Ï%ð�Ñ à�Ô á#Ê4Ô Í Î È Ï#È Ï#ß%Û

..0I!9 @ 1%C!/L1 2 3 j B�> m�3 � �%P � M%P � �%P � 	�K 3 1 8.0TNm%8 67=#2 1#C,3 1 2 3 9 <�F�8 1 2 m�@ 34= dL3 
�1 j��  > m�3-? @ F = 8 9 3 
�:HK.0U-2 1 8 C!:e? =#2 = <�F. X ? 3 1#CNQ �#b M#Q#b M Q Q#Q#bHO Q%C ���%C � �.�]4671 8 ? 3 9 <�F;2 B�2 3 1 :hCND#m�<�]iD7P��%K �%P�[41 <�1 8 9 > O Q ��O �%O � O �.0GH? > 
�9 <�1-<7? :;1#C�
7? <�F m�@ K > d ? 8 K m�:ek�K 1 k%m.cgh= 8 f%9 <�F�k%9 8 1 > 3 = 8 B�C,b ?#b 
7? <�� 9 b 
�? <�� 9 b :e? =#2 = <�F%b 2 =#d 3 �E? 8 1 b 672 1 3 � O K Q#b 1 5%671 8 9 :;1 <%3 2 b /L1 2 3 j B�> m�3.0GH? > 
�9 <�1-3 B%671#C,2 m�<�	 m.�VN= :e:e? <7k�@ 9 <�1#C,/L1 2 3 D#1 F � 6(3 1 2 3 6%8 = 3 =%> = @ K 3 1 6 � J(J71 <7> 
LK J�6�8 � 2E5%B�> m�3 = 6�3 9 :(? @ K 2 6�8� ���E1 9 F 
%3 K �4F 3 � 3-/L1 2 3 j B�> m�3 � �%P �#M%P � �%P � 	�K 3 1 8.
. ` :;F�<�D#6�@	<7G(8 F�<7I�Sü<�D#6�@ R�<7G(8 F#Ro<7G(9 2 R¯<7YN8 8 R¯<7[-3 R�2 > = 8 1�3 9 :;9 <�FS�Q Q%O0OvQ O �aO Q Q O�� � Q%K Q M ���%K Q � QS�Q Q M0M Q�� M Q O���� Q%K � Q QiM%K Q � QS�Q Q 	 OvQ�� O Q Q O�	 	 Q%K Q M �iM%K � M QS�Q Q ��O�	���� O � M�Q���� � M Q%K � � �iM%K M � QS�Q Q �!� Q���� Q Q�� O O ��Q%K Q M �iM%K � � QS�Q Q��"	 Q O O#	 Q Q�	 O M��µQ%K Q �%O��%K Q � QS�Q Q ��OvQ M O Q Q O O Q 	ÿQ%K Q%O QiM%K �%O QS�Q Q ��OvQ M O Q Q O�	�� Q%K Q M%O-M%K O 	#QS�Q Q S�OvQ M O Q Q O�	�� Q%K Q M MiM%K O � QS�Q Q A0M Q�	þM Q Q M O � ��Q%K Q%O O��%K O � QS�Q Q#V�O O Q�	vO O Q Q O#O O � ��Q%K Q��#O-M%K � � QS�Q Q X Q Q�	þQ Q O O�� � Q%K Q M �iM%K Q Q QK K K K K K K K K K KK K K K K K K K K K KK K K K K K K K K K K$ Q Q ^0M Q O M Q Q M�� � Q%K Q M%O-M%K � M Q
/�
�1i? %#1 8 ? F 1�3 1 5%3 @ 9 <%1�? > > m�8 ?#> B(Z�Q%K � M �%O � �
.0YN<�ke= d!3 1 2 3 9 <�F�K

� b � ��2}�

�djwa�i�5#. �+�1 � b 1C/�zw. e ^�p b 0-5 b jw`�jm`�a35-.+/T^�5-0��4zm.�p�^�5-1 b 0�� b � b `�c b 0#. e 0�5#.�/4^�5-0��4zm.�p�^�5#1 b 0���2}�<�
	 s�.�k�^�1C1C.+` 0Tzwjm`�. e /�5-^�v%j�c*.�.��*/4.�5#jm1C.+`*0 b z�.�`%v*jw5-^�`S1C.�`%0Tjw`*p�^�5#1 b 0#jm^�` b 24^�i�0�0#s�.\0#5 b jm`�jw`�a b `4c
0#. e 0o.��%/4.�5-jw1C.�`%0 e � 	 s�.�n b 5#. b i�0-^�1 b 0#j�k b zmzwnha�.�`�.�5 b 0#.�c¯2%nyk b zmzwjm`�agv b 5-jw^�i e~=�)gu �Bp�i�`4k�0-jm^�` e �
	 s�.+n b 5-.gkl5#i4klj b z'p�^�5\5#.�/�zmj�k b 0#jm`�a�.��%/4.�5-jw1C.�`%0 b z 5#. e iSzm0 e � , `30-s�.�c b 0 b>b 5-. b | 24^�0-s�jm`%0-.�5#1C.�c*j b 0#.
jw`*p�^�5#1 b 0#jm^�` b `4c��4` b zd5#. e i�zw0 e�b 5-.L5#.�kl^�5<c*.�c�� 	 s�j e jm`%p�^�5-1 b 0-jw^�`�k b `J24.Li e .�c�0#^ b ` b zwn*�+.L0-sS.
kl^�`*v .+5-a�.+`4kl.�/�5-^�/T.+5-0-jw. e ^!pG0#s�.�0-5 b jm`Sjm`�a>/�5-^%kl. e-e�b `�c 0#^ e 0#i4c*n30-s�. e 0 b 0-j e 0-j�k b z e jma�`�j �Tk b `4k�.�^!p
0#s�.�0-. e 0\.+�*/4.�5#jm1C.�`%0�5#. e i�zw0 e � � c*.+0 b jwzm.�c3c*. e kl5-jw/�0-jw^�`C^�pG. b k<s�kl^�zmi�1�`y.�`*0#5-n�k b `�2T.�p�^�i�`4cCjw`�djwa�i�5#. � �X2�� b `4c[�djwa�i�5#. � �X2��<�

b 0-5 b jm`Sjm`�a�5-.�/4^�5#0h�4zw.��X0#5-5l� b `4c b `�^�/�0#jm1 b z e .�a�1C.�`%0 b 0-jm^�` b zma�^�5-jw0-s�1 / b 5 b 1C.�0#.�5Q�4zw.
� e /�5��<�!�djma�i�5-. �+ � b � e s�^�� eQb3e-b 1C/�zw.�0-5 b jm`Sjm`�ay5#.�/4^�5-0��4zw. �

� � � p�0-.�5o0-sS.Q^�/�0-jw1 b z%^�2��x.�k�0-jmv .\p�iS`4kl0-jw^�`y/ b 5 b 1C.�0-.+5�v .�kl0#^�57likj�s b�e 2T.+.�`¯p�^�i�`4c}|%0-s�.�/ b a�.
e .�a�1�.�`*0 b 0#jm^�` b zma�^�5-jw0-s�1 j e .�v b zwi b 0#.�c�^�` b a�jwv .�`�0-. e 0�c b 0 b�e .�0TR��~�djwa�i�5#. & �X2}� e s�^�� e
0#s�. b 5<k<s�jw0-.�kl0#i�5-.>^!pÑ0-s�.y0#. e 0�/S5-^%kl.�c%i�5-. � 	 s�.y0#. e 0>c b 0 b�e .�0�R~j e�e /4.�klj ��.�cJjm`�0#s�.�0#. e 0
/S5-^�0#^%kl^�z�/ b 5 b 1C.+0-.�5gc b 0 bJe 0-5-i�kl0-i�5#. � � .�5�p�^�5-1 b `4kl.>1C.�0-5#j�k�`�j e kl^�1C/�i�0#.�c�jw`B1C^%c%i�zm.;�� ) ^�0-.�0#s b 0�1C^%c*i�zw.h�VsS.�5-.�s b�e 0#s�. e-b 1�. b 5<k<s�jm0#.�kl0-iS5-. b�e 1�^%c*i�zm.��Vjw`��djwa�i�5#. & � b �r�
	 sS.�kl^�1C/Si�0 b 0-jm^�`�^!p40#s�.q�4` b z%/T.+5�p�^�5#1 b `�kl.ov b zmi�.

�
j e 5-.+/�5-. e .�`%0-.�c�jm`>1C^%c*i�zw.

� e u�e .�5 e
k b `Vc*.��4`�.y0-sS.�jm5�^���`

�
p�i�`4kl0#jm^�`B2%n�kts b `�a�jm`�a�0-sS. �T3����	� & �T3����	�������������� & '·���srq{ 4�3

Ã)(�3���6c��3 �q������3 & b `�c � 1C^%c*i�zw. e jw`��djma�i�5-. & ��2}�<� 	 sSj eoe 0#.�/Ca�.+`�.�5 b 0-. eob 0-. e 0q5#.�/4^�5#0q�4zw.
��0-.�5�����s�j�ktsy5#.�kl^�5rc e�b /4.�5�p�^�5-1 b `4kl. e kl^�5-.\p�^�5ñ. b k<syjm1 b a�.�jm`y0-sS.�0-. e 0oc b 0 b�e .�0 b�e �\.�zwz b�e
b �4` b z b v .�5 b a�.h/4.�5xp�^�5#1 b `4k�. e kl^�5-.�^�v .�5 b zwz�jm1 b a�. e jm`�0-sS.h0#. e 0�c b 0 b�e .�0+�~�djwa�i�5#. �+ ��2}�
e s�^�� e�bye-b 1C/�zw.�0-. e 0�5-.�/4^�5-0��4zm. �

� � 	 sS. e 0 b 0#j e 0-j�k b z b ` b zwn e j e ^�p�0-sS.y0-. e 0�.��%/T.+5-jm1�.�`*0 b z�5-. e i�zm0 e k b `�24.3kl^�`�c*i4kl0#.�cJi e jw`�a b
e 0 b `4c b 5rc e 0 b 0-j e 0#j�k e�e ^!p�0x� b 5-.�/ b k<{ b a�. e i�kts b�e � ���o��u � 
 ��� ^�5h� � �S� 
 "�� �

��



���#E ACZ�R47T?�F�:�EGU *>=�ZXZ�F�WdR�F~7��d@�FXW[:�EG@�68@%RTUV@%WT:�=%:�FX74WVACZ�R47T?�F�:�EGU F~7��dIGZ�@
� `êjw1C/4^�5#0 b `%0yp�. b 0#i�5-.�^�pL0#s�. � � �o	 / b kt{ b a�.�j e 0-s b 0C0-s�.+5-. b 5-.�0x�\^ / b a�. e .�a�1C.+`*0 b 0-jw^�`
b zma�^�5-jw0-s�1 k b zmzwjm`�a�1C^%c*. e1 p�i�`4kl0#jm^�`�k b zmz b `4c e s�.+zmzSk b zwz
� , p�0-sS. e ^�iS5<kl.�kl^%c%.�^!p b�e .�a�1C.+`*0 b 0-jw^�`
b zma�^�5-jw0-s�1 j e�b v b jwz b 2�zm. b�e�b p�i�`4kl0#jm^�`8|�0-s�.>i e .�5�k b `Jzwjm`�{30-sS.hp�i�`4k�0-jm^�`�jm`%0-^y0-sS.h0#5 b jm`�jw`�a b `4c
0#. e 0#jm`�a>1C^%c*i�zw. e � , `C1 b `*n>k b�e . e |*s�^��\.+v .�5�| e ^�i�5rkl.gkl^%c*.�^�p bhe .�a�1�.�`*0 b 0#jm^�` b zwa�^�5-jm0#s�1åj e `�^�0
b v b jwz b 2Szm. | 2�i�0�.��%.�kli�0 b 2�zw.�kl^%c*.�j e � , ` e i4k<s�k b�e . e 0#s�. e s�.�zwz�k b zwzmjm`Sah1�^%c*.�k b `C24.�i e .�c30-^L5#i�`
0#s�. e .�a�1C.+`*0 b 0-jw^�` b zma�^�5-jw0-s�1 p�5-^�1 ��jm0-sSjm`�0-s�.�0#5 b jw`�jm`Sa�^�5�0-. e 0-jm`Sa�1C^%c%i�zm. �)��i�5-0#s�.�5-1�^�5-._|'j�p
bye .�a�1C.+`*0 b 0-jw^�` b zwa�^�5#jm0#s�1 e ^�i�5rkl.�kl^%c%.�j e `�^�0���.�zmz4c%.�2�i�a�a�.�c}|�._� a��w| j p�jw0\zw. b { e 1C.�1C^�5-n b p�0-.�5
. b kts3p�i�`4kl0#jm^�`�k b zmz�|'0#s�.�zw. b { .�cy1C.�1�^�5-n k b ` b k�kliS1�i�z b 0#. b p�0-.+5�1 b `%nhp�i�`�kl0-jw^�`�k b zwz eob `�c�k b `
�4` b zmzwn�k b i e . b zma�^�5#jm0-sS1Pkl5 b�e s b 0 e ^�1C.y/4^�jw`*0+� 	 s�. e s�.+zmzok b zmzo1C^%c*.yj e�b a�^ ^%c e ^�zmiS0-jm^�`B0#^
0#s�j e /�5#^�2�zw.�1 e jm`4kl.gjm`�0-s�j e k b�e .�0-sS.h.+�*.�k�i�0 b 2�zm.�k�^%c*.�j e i e .�c}| b `4c b p�0-.�5�. b k<s�k b zwz b zmz�zm. b { .�c
1C.+1C^�5#nCj e p�5-.�.(c}� 	 s�.3c*j e-b c%v b `*0 b a�.�^�p�0-sS. e s�.�zwz�k b zmzG1C^%c*.>j e 0#s b 0�jw0�k b `�24. e zm^��\.�5�0-s b `
0#s�.Qp�i�`4k�0-jm^�`�k b zmz41C^%c*. �)�djma�i�5-. ��$ye s�^�� e 0-s�. b 5rktsSjm0-.(kl0-i�5#.Q^�pG0-s�. e ^!p�0x� b 5-.gjm1C/�zw.�13.l`%0 b 0-jm^�`
^�p�0-sS. e .30x�\^�k b zmzwjm`�aC1�^%c*. e � �åe s�.�zwzd�4zw.yj e 5#.��'iSjm5-.(c�jm`�0-sS.y/ b a�. e .�a�1C.+`*0 b 0-jw^�` b zma�^�5-jw0-s�1
e s�.�zmzGk b zmz�1C^%c*. � �~e#b 1C/�zw. e s�.�zwz}�4zm.�j e�e s�^���`�jm`	�djma�i�5-. ��� �

�,+.-0/�� �1-,�7�
� �i¼,�����7¸��ÿ¨ �!2  ¨ �32 ² ¨ ¸3204�¨#§52 ¡ 2 ª 20672�8

�djwa�i�5#. ����1\�~e-b 1C/�zw. e s�.+zmzT��zm. �

 

Call Mode?
Shell CallFunction Call

Generate
Shell Command

Shell
Command

sh_c
Seg 

ExcutableSeg Function

Document
Image

Segmentation
Alg. Parameter
Data Structure

Experimental
Parameters

Segmentation
Algorithm
Shell File

(sh)

Segmentation

(dafs)
Result

(TIF)

�djwa�i�5#. ��$�1���b a�. e .�a�1C.�`%0 b 0-jm^�` b zwa�^�5-jm0#s�1 k b zwzmjm`Say1C^%c*. e1 p�i�`4k�0-jm^�`�k b zwz b `�c e s�.�zwz�k b zmz
� 	 s�.
zw.lp�0�s b z�py5-.+/�5-. e .�`%0 e 0#s�.�p�iS`4kl0-jw^�` k b zwzmjw`�a�1C^%c*. b `4c 0#s�.B5#jma�s*0Cs b z p 5-.�/S5-. e .�`*0 e 0-s�. e s�.�zmz
k b zmzwjm`�a>1C^%c*. � 	 s�. e s�.�zwz�k b zmzwjm`�a>1C^%c*.�k b `�2T.gi e .�cC^�`�zmnC��sS.�`C0-sS. b zma�^�5-jw0-s�1 .��%.�kli�0 b 2�zw.�j e
b v b jwz b 2Szm. � ^�0#s�.�5-��j e .>0-s�.�p�i�`4kl0#jm^�` k b zwzmjw`�a�1�^%c*.yk b `J24.Li e .�c}� ) ^�0#.L0#s b 0�0#s�.L.+�*.�k�i�0 b 2�zm.�j e
k b zmzw.�cC2*n30-s�.�p�i�`�kl0-jw^�` n�� �l�

9 : =�?��»;>=�?�@�=�Wg� 6�7�9
:<;>=�?�@<;C@>=�IdF�?�@*UV@ WT:(�

	 s�. � � �o	 / b kt{ b a�.�s b�e 24.�.+`3c*.�v .�zw^�/4.�chjw` ��) � , ��^�`�� ug)[u zw0-5 b>� | $ | b `4c � ��^�5#{ e 0 b 0#jm^�` e
5#i�`�`�jw`�a�0-s�.C� ^�z b 5-j eg$ � " ^�/4.�5 b 0-jw`�a e n e 0-.+1�� 	 s�.3k�^�1C/�jwzm.�5�i e .�cJ� b�ec=g)�u a_k�k $ � & � $ � 	 ��^

���



/�iS2�zmj�k � c%^�1 b jm`�zmjw2�5 b 5-jw. e | ��� �q� b `4c 	�, ����|}�\.�5#.�i e .�cBjw` � � �o	åb `4cBs b v .y24.�.�`�jw`4klzwi4c*.�c
jw`ê0-s�.�c*j e 0#5-jm2Si�0-jw^�`�� 	 s�. ��� �q� c b 0 bVe 0-5#i4kl0#i�5-.�zmjm2S5 b 5#n 
¥&O� � b�e i e .�c p�^�5�1 b `�jw/�i�z b 0-jw`�a
jw`*0#.�5-1C.(c*j b 0-.gc b 0 b 0xn*/4. e�b `4c�0#s�. 	�, ����zmjm2S5 b 5#n 
 $�� � b�e i e .�c�p�^�5Qjw1 b a�. ,-� �>�

? ��I�:�IG?!@A@û7T?�]

��. b 5-.�kliS5-5-.+`*0#zmn�a�.+`�.�5 b zmjw��jm`�a�0-s�. � � �o	 / b k<{ b a�.�0#^�jm`4klzwi4c*.Cj���^�0-s�.�5y1�.�0-5#j�k e |djmj���^�0-sS.�5
0#5 b jw`�jm`Sa � ^�/�0-jw1Cjm� b 0-jw^�` b zwa�^�5-jm0#s�1 e | b `�c�jmjwjX�ñ`�^�` � 0-.+�*0�5-.�a�jm^�`�.+v b zmi b 0-jw^�`��~��`4kl.�0-s�.�/ b kt{ b a�.
j e jw`ê0-s�.�/Si�2�zmj�k�c*^�1 b jm`8|���.�.��%/T.(kl0�0#s b 0�0#s�.Bjw`*0#.�5-` b 0-jw^�` b z�k�^�1C13i�`�jw0�n���jmzwz b c�cê^�0-sS.�5
e .�a�1C.+`*0 b 0-jw^�` b zma�^�5#jm0-sS1 e 0#^�0-s�.>/ b k<{ b a�._�h��. b 5#. b z e ^C/4^�5#0-jm`Sa�0#s�.y/ b kt{ b a�.y0-^C0#s�. � jm`%i��
/�z b 0xp�^�5-1 � � v%j e i b zwjm� b 0-jm^�`J0#^ ^�z�k b zwzm.�c 	���u�����, C 
 �+�� 0#s b 0>k b `�c*j e /�z b n�0-s�. e .�a�1C.+`*0 b 0-jw^�`
b `4c¯.+v b zmi b 0-jw^�`y5-. e i�zw0 e ^�p�^�iS5 � � �o	 / b kt{ b a�.�j e iS`4c*.�5oc%.�v .�zm^�/�1C.�`%0��é��^�5�.+� b 1C/�zm._|�c*j0B�.�5#.�`*0
0xn%/T. e ^�p3.�5-5#^�5 e k b ` 24.�v*j e i b zmjm�+.�c[jm`�v b 5-jw^�i e kl^�zw^�5 e � 	���ug� �Õ, C k b ` b z e ^V24.�i e .�c½p�^�5
kl5#. b 0#jm`�a�a�5-^�i�`4c*0#5-i�0#s�p�^�5 e .+a�1C.�`%0 b 0-jw^�`�����i�5-0#s�.�5#1C^�5#. |*��. b 5-. c*.�v .�zw^�/�jw`�a b `  ����}� 2 b�e .�c
5#.�/�5-. e .�`%0 b 0-jm^�`Bp�^�5>��^�`S.�a�5-^�iS`4c*0-5#i�0-s b `4cBjm`%0-.+`4c�0#^J1Cjwa�5 b 0-.30-^�0-s�j e 5-.�/�5#. e .+`*0 b 0-jw^�`Bp�5#^�1
0#s�.ykliS5-5-.+`*0 �Q� �o��5#.�/�5#. e .�`%0 b 0-jw^�`��

C 68IdUVUV=�?|G
��.�s b v .�c*. e k�5-jm24.�c�0-s�. b 5rkts�jw0-.�k�0-i�5#. b `4cL0-sS.q�4zw.·p�^�5-1 b 0 e ^!p b / b a�. e .�a�1C.�`%0 b 0#jm^�`h.+v b zmi b 0-jw^�`
0#^ ^�zm{%jm0g� � � �o	 �<� 	 s�.�^�v .�5 b zmz b 5<k<s�jw0-.�kl0#i�5-. b `�c�0-s�.��4zm.�p�^�5#1 b 0 e ��.�5-.gc*. e kl5-jw24.�c¯0#^yjmzwzmi e 0-5 b 0-.
0x�\^V1 b �x^�5�p�i�`�kl0-jw^�` b zmjm0#jm. e ^!py0#s�. � � �o	 / b k<{ b a�. 1 jX� b iS0-^�1 b 0-j�k b zwzmnV0-5 b jw` b a�jwv .�`ê/ b a�.
e .�a�1C.+`*0 b 0-jw^�` b zma�^�5-jw0-s�1 ^�` b a�jmv .�`�0#5 b jw`�jm`Sa�c b 0 b�e .+0 b `4c�jmjX�S.�v b zwi b 0#.q0#s�.o/ b a�. e .�a�1C.+`*0 b 0-jw^�`
b zma�^�5-jw0-s�1ï��jm0-s�0#s�.L^�/�0-jw1 b zG/ b 5 b 1�.�0-.�5 e p�^�i�`4cJjw`JjX�Ñ^�` b a�jmv .�`�0-. e 0�c b 0 b�e .�0�� 	 s�.3c%.�0 b jmz e
^�pG0-s�. b 5<k<s�jm0#.�kl0#i�5-. b `4c e-b 1C/�zw. e ^!p���zm.�p�^�5-1 b 0 e ��.�5-.�0-s�.+`Cc*. e kl5#jm24.�c b�e\b `�jm1C/�zw.�13.l`%0 b 0-jm^�`
^�p�^�i�5L�4v . ��e 0#.�/B/4.�5xp�^�5#1 b `4k�.�.�v b zmi b 0-jm^�`V1C.�0-sS^%c*^�zw^�a�n_� 	 s�j e / b /4.�5yj e jm`%0-.�`4c%.�c�0#^ b�e#e j e 0
i e .�5 e jw`Bi�`�c*.�5 e 0 b `4c*jm`Sa�|�i e jw`�a�|�i�/�c b 0-jw`�a b `4c�1�^%c*j p�n%jm`�a30-sS. � � �o	 / b k<{ b a�. � , 0g��jmzmz b z e ^
b j�c�/�5#^�a�5 b 1�1C.�5 e ��s�^Ljw`*0#.�`4cL0-^ b c�c3`�.�� b zma�^�5-jw0-s�1å1�^%c*i�zm. e 0#^�0-s�.�/ b k<{ b a�. b `4c3jm`%0-.�5xp b kl.
jw0���jm0-s�^�0-s�.�5 e ^�p�0x� b 5#.�0-^ ^�z e �

A N\@,D�:�ZXF�WG@7EGFy=���@ã��M�?�?�7T?7F~@*=S��Id?�@%��=SW��êM�?�?�74?IF~@ :�?�FXD �

, `C0#s�.Qp�^�zwzm^���jm`Sa e .�kl0#jm^�` e |*��.�c*.l��`�.Q/ b a�. e .�a�1C.+`*0 b 0-jw^�`�| bye .�0o^!pñ0-.+�*0#zmjm`S. � 2 b�e .(c¯.�5#5-^�5\1C. b��
e i�5-.�1�.�`*0 e | b `�c b /4.�5xp�^�5#1 b `4k�.�1C.+0-5-j�kh0#s b 0y��.Ci e .(cBjm`�^�i�5L/S5-.�v%jm^�i e .�v b zmi b 0-jm^�`V^!p�/ b a�.
e .�a�1C.+`*0 b 0-jw^�` b zwa�^�5#jm0#s�1 eQ
��l� | ����� | 	 sS. e .�c*.l�4`Sjm0-jw^�` e�b 5-.C2 b�e .�c�^�` e .�0�0-s�.�^�5-n b `4cB1 b 0-s �
.�1 b 0-j�k b zG1C^�5-/�s�^�zm^�a�n 
 ��� ���B.y0#s�.�`�c*.l��`�. b a�.+`�.�5 b z�1C.�0#5-j�kÕ0#s b 0gi e .�5 e k b `�kli e 0-^�1Cjm�+.Õp�^�5
0#s�.�jm5�jw`4c*jwv*j�c*i b z�0 b�e { e �

A ��� K�=�R4@�6�@%R4U @%WT:(=*:�F�7TWIH�@,JñWdF�:�F�7TW
� .�0BJC24. b c*^%kli�1C.+`*0�jm1 b a�. | b `�cJzm.�0cNû24.y0-s�.ya�5-^�i�`4c*0#5-i�0#s�^!pþJ4� � .�0LK���N���U � K vM LONZU� L $ L|e�e|e�LOnPKÕ��N��5�\24. b�e .�0G^!p�a�5#^�i�`4c%0-5-iS0-s3��^�`�. e ^!p8c*^%kliS1C.�`%0�jm1 b a�.!J���s�.�5-.*n c*.+`�^�0#. e 0-sS.
k b 5<c*jw` b zwjm0xn�^!p b�e .�0+� � .�0)Q��RK vM �~U � S vM�T LVU�U � L $ L|e|e�e|LOnWQ��XK vM �@�L24.y0-s�. e .�0g^!poa�5-^�iS`4c*0-5#i�0-s
0#.��*0#zmjw`�. e jm`Ja�5-^�i�`4c*0#5-i�0#sB��^�`�.YK vM � � .�0�0-sS. e .+0�^!p b zwzda�5-^�i�`4c*0#5-i�0#sB0#.��*0#zmjw`�. e jm`�c%^%kli�1C.�`%0
jw1 b a�.ùJ�2T.[ZWU'X]\_^ r·v�wMV` � Q��RK vM �r� � .�0)h�2T. b a�jmv .�` e .�a�1C.�`%0 b 0#jm^�` b zma�^�5-jw0-s�1 | b `4cQ���5� j ���#L|� �424.

��$



0#s�. e .�a�1C.�`%0 b 0#jm^�`¯p�i�`�kl0-jw^�`�kl^�5-5#. e /4^�`�c*jm`�ay0#^ b zwa�^�5#jm0#s�1 hL� � .�0�d�2T.g0-s�. e .�a�1�.�`*0 b 0#jm^�`�5-. �
e i�zm0�^�p b zma�^�5-jw0-s�1 h e i�ktsy0#s b 0!d'U'�.��� j �KJML5i�j�����s�.�5#.aK��Kdh�.U � Kcbd �feQU � L $ L|e|e|e|LnPK��bdh�5� �

� .�0ag������ih�jLkQ24.L0-sS.Lc%^�1 b jm`J^�pojm0 e�b 5#a�i�1C.+`*0+� 	 s�.�a�5#^�i�`4c%0-5-iS0-s���^�`�. eQb `4c�0#.��*0#zmjw`�. e
s b v .y0#s�.¯p�^�zmzw^!��jw`�aC/�5#^�/4.�5#0-jm. eO13� �)g��XK vM ��\lg��XK vMVm �*U ^�p�^�5LK vM L�K vMnm �oK���N�� b `4c<NqpUrNtsm|
b `4c $ �ig��RS vu ��\Ag��RS vu m �.U'^Cp�^�5vS vu LwS vu m �xZ b `4cxyzpU y{s��
A ��- Mg?!?�74?ZF~@%=���IG?!@%UV@*W4:��L=SW��WF~@ :�?�FXDYH�@,J�WGF�:�FX74WG�
, `L0#s�j eGe .(kl0-jw^�`�|��\.Ñc*.l�4`�.op�^�i�5G.�5#5-^�5G1C. b�e i�5#.�1C.�`%0 e4b `4c b 1C.�0#5-j�k�� � .+0}|3~ØLG|����<K���X �  �\24.
0x�\^yzw.�`�a�0-sC0#s�5-. e s�^�z�c e ��jm`C/Sjm�%.�z e �d0#s b 0Ñc*.�0#.�5-1Cjw`�.�j pG0#s�.�^�v .�5#z b /3j e�e jwa�`�j���k b `%0\^�5\`�^�0�� �ob k<s
^�po0-s�. e .�0-s�5#. e sS^�z�c e j e c*.l�4`�.(c jw`�0-.�5#1 e ^!p b ` b 2 e ^�zwi�0-.>0-s�5#. e sS^�z�c b `4c b 5#.�z b 0-jmv .g0-s�5#. e s�^�z�c}�
	 s�. b 2 e ^�zmiS0-.�0#s�5-. e s�^�z�c¯j e jm`3/�jm�%.�z eob `4c�0-sS.Q5#.�z b 0-jmv .�0-s�5#. e sS^�z�c3j eob /4.�5rkl.�`%0 b a�. �}|3~ b `4cY|3�
b 5-.yc%.l�4`�.�c b�e p�^�zmzm^�� e1

| ~ Uê1Cjw`
� ��� J7�	L�� ���B}�� |a�aQ\�g���3� �+� � � � �

|���Uê1Cjw`
��� � J7�	L�� ���B} � |a�aQ\�g�t��� �+� � � $ �

��s�.+5-. ��� J7� b `4c
� � J7� b 5#.�0#s�.y0-sS.�0x�\^�0-s�5#. e s�^�z�c e jw`�/�jm�%.�z e | � |a�)Q b `�c

� |a�)Q b 5-.
0#s�.V0���^[0#s�5-. e s�^�z�c e jm` /T.+5<kl.�`%0 b a�. e | b `4c��éLO� b 5-.�0#s�.�1Cjw`�jm1yiS1 ��j�c%0-s b `4c�s�.�jma�s*0 �Xjw`
/�jw�*.+z e �>^!p>0x�\^ 5-.�a�jm^�` e 0-s b 0 b 5#.�0-. e 0-.�c�p�^�5 e jma�`�j ��k b `%0C^�v .�5-z b /�� u�e .�5 e 13i e 0 e /T.(klj p�nV0-sS.� |��)Q~L � |a�aQ~L �x� J7� b `4c

� � J,� / b 5 b 1C.�0-.+5Lv b zwi�. e jm`V0#s�.J24.�`4k<s�1 b 5-{ b zma�^�5-jw0-s�1 / b��
5 b 1C.�0#.�5h��zm.���2�/�5l�r���djwa�i�5#. ��� �X2}� e sS^!� eyb�e-b 1C/�zw.�24.�`4k<s�1 b 5-{ b zma�^�5-jw0-s�1 / b 5 b 1C.�0#.�5h�4zw. �

���	�����h�N���7� � ���,¨ ° �-���E§ ° �,��¼!�����4�f�
���l� �-�-�7� �7�����o�4���E���,�7�,���
®c�c� ¥  ]�-«� �c� ¥  ½´-«
®c� � ©  ·-� � � ©  ½´

� Å&�t¦ ¾ ¼ �&õ4¬ �
Å�öº§�¬ � �Åq÷\¥ ¾ � �Åq÷\¦ £ � �Åqª4ù � �Å�öº§�¬ û�¦ ©�� � µÅq÷\¥ ¾±û�¦ ©�� � µÅq÷\¦ £ û�¦ ©�� � µÅqª4ù���¨m©�� � �

� b � �X2��

�djwa�i�5#. �+��1 � b 1C/�zw. e ^�p b 24.�`4k<s�1 b 5-{ b zma�^�5#jm0-sS1 / b 5 b 1C.�0#.�5q�4zw.3�X2�/�5���� b � b `4c b �\.+jma�s%0\�4zw.
����a�0l�g�X2��<�

� .�0v���n|�~�LO|3���~U � �Q��K�k�� } |3~�������������|3~*L } |���� ����������|3�.�L24. b 5-.�a�jm^�`�^!p b
5#.�kl0 b `�a�zw.�k�.�`*0#.�5-.(c b 0��  L  �o��jm0#s b ��j�c*0#s�^�p $ |�~x¡ � /�jw�*.�z e | b `4c b s�.�jma�s*0o^�p $ |��L¡ � /�jw�*.+z e
��s�.+5-.�� ����� b `4c¢�C�����>c*.�`�^�0-.�0-sS.£� b `4c¤�Pkl^ ^�5rc*jm` b 0-. e ^!p�0#s�. b 5-a�i�1C.�`%0�|o5-. e /4.�kl0-jwv .�zmn_�
��.�`S^!�ûc*.��4`�.30���^C1C^�5-/�s�^�zm^�a�j�k b zG^�/4.�5 b 0-jw^�` e1 c*jwz b 0-jm^�` b `4c�.�5#^ e jw^�` 
 ��� � � .�0�hcLO¥�h¦K�k��
� ^�5-/�s�^�zm^�a�j�k b z ���:8·6�4;����� ^�p7h 2%n¤¥ j e c%.�`�^�0#.�cê2*n h¨§ ¥ b `4cêj e c%.l�4`�.�c b�e h¨§ ¥ U� © �ªK�k�� © U «¬¡�Vp�^�5 e ^�1C.�«Z��hcLwþ�®¥Z�.e � ^�5-/�s�^�zm^�a�j�k b z~3��W��nl����� ^�p!h 2%nA¥åj e c%.�`�^�0#.�c
2%n�h�¯¢¥ b `4cCj e c*.��4`�.�c b�e h�¯¢¥YU � © �ªK�k�� © ¡¢���h p�^�5Q.+v .�5-n°��®¥Z�.e

�B.�`�^�� c*.l�4`�.�0#s�5-.�.�0xn%/T. e ^!pñ0-.��%0-zwjm`�.�2 b�e .(c�.�5#5-^�5�1�. b�e i�5-.�1�.�`*0 eO1
� � = 5-^�i�`4c*0#5-i�0#sJ0#.��*0#zmjw`�. e 0#s b 0 b 5#.�1Cj e#e .�c 1±³²IU�´�S v ��Zc� g��XS v �µ¯¢�3�V|�~�LO|3���

���



h~��X ^>¶ y ^ r b w g��RKibG�-�X·O¸�|
$ � = 5-^�i�`4c*0#5-i�0#sJ0#.��*0#zmjw`�. e ��sS^ e .>24^�i�`4c%jm`�a324^!�%. e�b 5#. e /�zmjw0 1�3²IU ´ S v ��Zc� �Vg��RS v �µ¯¢���V|3~�LO|����#��\Ag��RKib��)pU'^ L

�ng��XS v �¹¯��3�V|�~TLO|��G�-��\��ng��XKibd�#�X·�pU'^�L
p�^�5 e ^�1C.�K b �ªK��bdh� ¸ |

� � = 5-^�i�`4c*0#5-i�0#sJ0#.��*0#zmjw`�. e 0#s b 0 b 5#.�s�^�5#jm��^�`*0 b zmzwn�1�.�5-a�.�c 1º ²�U�´»S vM�T ��Zc��¼3S vM m T m �½ZTLwKib��<K��Kdh�@LONApU¾N¿s#|K vM L�K vMnm �ªK���N�� e i4k<s�0-s b 0
�ng��XS vM�T �µ¯¢�3�V|�~�LO|3���-��\Àg��XKib��)pU ^ L
�ng��XS vM m T m �µ¯¢�3�V|3~*LO|3�d�-��\xg��RKcbd�)pU'^�L
�#�Vg��RS vM�T �µ¯¢���  LO|����#�µ§¢���XÁ%L  �#��\Ag��RK vM m ��pU'^ L
�#�Vg��RS vM m T m �µ¯¢���  LO|3���-�µ§¢���XÁ%L  �#��\xg��XK vM �)pU ^Â¸Øe

� � ) ^�j e .h�+^�`�. e 0#s b 0 b 5#.�p b z e .�zmn�c*.�0#.�kl0#.�c��Hp b z e . b z b 5-1J� 1
Ã ²7U ´ K b �ªK��bdh�|� g��XK b �[h~��X]Ä�Å y!Æ �ng��XS v �µ¯¢�3�V|3Ç�LO|��G�-�#� · ¸

È .�0�0#s�.�`%i�132T.+5�^!pña�5#^�i�`4c%0-5-iS0-s�.�5-5#^�5�0-.��%0-zwjm`�. e 24.cn � ± ² XZ� ² X º ² �y�X1�j e�� c*.�0#.�kl0#.�c}| e /�zmjw0�|
^�5hsS^�5-jw��^�`%0 b zmzwn�1�.�5-a�.�cT�<| b `4c�zm.�0�0-s�.y0#^�0 b zo`*iS1�24.�5�^�p\a�5-^�i�`4c*0#5-i�0#sB0#.��*0#zmjw`�. e 2T.ZnÉZ�����.
c*.��4`�.�0-s�.�/4.�5xp�^�5-1 b `4kl.�1C.+0-5-j�k~`��KJMLONBL5dh� b�e 0-.��%0-zwjm`�. b k+kli�5 b kln 1

`��KJMLONBL5dh�.U nÊZ } n � ±³²cX[�3²BX º ²è�nÊZ e
, `V0-s�. � � �o	 / b k<{ b a�. |q��. b z e ^�c%.l�4`�. e ^�1C.C^�0-s�.�5y.+5-5-^�5y1C. b�e i�5#.�1C.�`%0 e � 	Gb 2Szm. $Be s�^�� e
0#s�.�.�5#5-^�5�1C. b�e i�5#.�1C.�` 0 e |�0-s�.�1C.�0#5-j�k�c%.l�4`�.�cyjm`30-sS. � � �o	 / b k<{ b a�._| b `�c�0-s�.Õkl^�5#5-. e /T^�`4c*jw`�a
e n*1324^�z e i e .�cCjm`�0#s�. b 24^�v .Lc%j e k�i e-e jm^�`8�

	Gb 2�zw. $�1 � i�1�1 b 5#nh^�p�.+5-5-^�5\1C. b�e iS5-.�1C.+`*0 edb `4cC0-s�.�k�^�5-5#. e /4^�`4c*jm`Sa e n%1�24^�z e c*.l�4`�.(c�jm`C0#s�j e
e .�kl0-jw^�`��

ôK¥ ¥ ¨m¥�÷\�z¡m£ 4¥ �½¢���õ4©4�lÀ ô{Ë±4¦ «z¡z¬ �t©º�²Ã��l¥ � ¢q�z£ ¤t¥ ¦ §4� ¦ ¨m©¦ ©.� ¼ �ÍÌ&öºô�Ã-§�¡m¤wÄz¡z¾m� ¦ ©�� ¼ ¦ £�ö±�z¤�� ¦ ¨m©Î�Ï�Ð�Ñ ©�¨m©�� Ã ¼ �½©º��%®4�l¥�¨z¯K£ §4¬ ¦ �²�l¥ ¥ ¨m¥w£�³Î�Ò>Ó�Ô ©�¨m©�� Ã ¼ �½©º��%®4�l¥�¨z¯ ¼ ¨m¥ ¦ øl¨z©�� ¡z¬����t¥ ¾m���t¥ ¥ ¨m¥w£w³Î�ÕGÖ � Õ�× Ã ¼ �½©º��%®4�l¥�¨z¯�¯ ¡z¬ £ �½¡z¬ ¡z¥ �H�t¥ ¥ ¨m¥w£w³Î�Ï�Ð�Ñ Ø � ÏÙ× Ã ¼ �½©º��%®4�l¥�¨z¯K£ §4¬ ¦ �²� �tÂ�� ¬ ¦ ©��z£�³Î�Ò>Ó�Ô0Ø � Ò × Ã ¼ �½©º��%®4�l¥�¨z¯ ¼ ¨m¥ ¦ øl¨z©�� ¡z¬ ¬ Ác�%�l¥ ¾z�zÀc� �tÂ�� ¬ ¦ ©��z£�³Î�Ò>Ú ÛfØ �.Ü × Ã ¼ �½©º��%®4�l¥�¨z¯D��¦ £ ü Àº�t� �z¤�� �lÀ/� �lÂº� ¬ ¦ ©4�l£�³Î�ÝGÓfÓÞØ ��ßàÜ ×�á Ï ×Gá Ò ×Ùâ Ã ¼ �½©º��%®4�l¥�¨z¯D�l¥ ¥ ¨m¥²� �tÂ�� ¬ ¦ ©��z£qý � �lÂº� ¬ ¦ ©4�l£�� ¼ ¡z�q¡z¥ ��t¦ � ¼ �l¥&£ §4¬ ¦ �t· ¼ ¨m¥ ¦ øt¨m©º�w¡z¬ ¬ Á��%�t¥ ¾m�lÀc¨z¥��%¦ £ ü Àº�l� �z¤�� �lÀ�þw³Î�ãRä Ñ �Gå Ã ¼ �½©º��%®4�l¥�¨z¯D¾m¥ ¨m�©�Àº� ¥ �� ¼ � �tÂº� ¬ ¦ ©��l£�³

, `�a�.�`�.�5 b z
|�0#s�.L/4.�5xp�^�5#1 b `4k�.�1C.�0#5-j�k�k b `J24. b `*nCp�i�`4k�0-jm^�`�^!po0#s�.L.�5#5-^�5�1C. b�e i�5-. e�e s�^���`
jw`�æèçté�êÙëíìïîxðVñªò�ó�ëíôcõ7ö÷æ�ø»ç�ùOú�çtû�ë,ü]ç£ø3ëþýXÿ���ý��Àç¿ñ3ùwë��Yëþò�ý���ùÊùþçtñªé3ë��ïë	�3ñ�ë
�<ç��Lç� ë���û�ó>òÍë
�
�������tÿ�òÍó�ë��Rë#ëþýÍý���ý��Yëtç�����ý�ë
���Ùñ®ÿ���ñ3ù�ò���� ñ �������	�������������� î È ëþò��Ó���3S é3ë#òÍó�ë [ë��Ùû óïò��¿ÿ�òÍó5ëëþý�ý�� ý!�Yëtç�����ýÍë"�Yëþñ>ò$#��%�3SKe3æ ó5ë& ë���û�ó>ò'�(�¿ÿ)��òÍó5ëþýiëþýÍý���ý*�Yëtç�����ýÍë"�Yëþñ>ò'�}çtýÍë��ïë+�3ñ5ë
� ���,� �Ùê�ç¿ý�ê�-,î
.�û�ë"ñ�ëþýOçtêµø3ëþýRÿ�� ý��Açtñ3ùwë&�Yë"òÍý���ù/�0�!�ïë+�3ñ5ë
�Aç�� ÿ���êÙê,�
1�+2

3+4



5 6 �*�%�3S�78#:9���S�¡;� º=<"> 7!# º?<+> ¡@� ÃBA 78# Ã�A ¡@�&9%�3S�QC7!#D9���S�Q¡�� º=<"> QE78# º=<"> Qª¡;� º yGFtQE7!# º yGFtQ!Hg 6 �&9%�3S�¡@� º?<+> ¡;� Ã�A ¡@�&9���S�Qª¡@� º?<+> Qª¡@� º yGFtQ!H
IKJ�LGM H+N�H'OQP 6 5 gSR LGT P
U �Ùû���ýÍë 3	4 û���V,ë
�iç��Rë"ò!�¿ÿ]øW�X�����Ùé�ê�ëÊëþý�ý���ýY�iç��! ëþê�êµç��zçtñ�ë�Z>ø3ëþý��,�Yëþñ>òOç¿ê5ë�Z�ç
�Yø�ê�ë,î

Horizontally
Merged

Horizontally
Split

Vertically
Split on

Bounding
Box

Vertically
Merged

False Alarm

Vertically
Split

Missed 
Detection

L ç[P L é%P

L ù
P L �WP

U ��û���ý�ë 3+4 2 L ç[P�æ ó��\�&�3û��5ýÍë]�Ró��
1�Lç^�XëþòB�tÿ�ø_�K�����Ùé�ê�ëYòÍë"Zïò�ê��Ùñ5ëLëþýÍý���ý'��î�õK��ê,�\�a` ê���ñ�ë#ýÍëtùwòGç¿ñ�û êÙë
��ïë"ñ���ò�ë¬û ý�����ñ_�ïò�ý���ò�ó^b�� ñ�ë
�wüc��ç��Xó�ë
�a` ê���ñ�ëvýÍëtù�òOç¿ñ5û�êÙë��d�ïëþñc��òÍëfe�g*hi�Rëþû��Yëþñ>òOç¿ò���� ñ b���ñ5ë
�wüc��ç¿ý�úé3çtý'�d!��òÍó���ñYû�ý�����ñ_�>òÍý��5òÍó�b���ñ5ë
�d�ïë"ñ���ò�ëaû�ý�����ñ_�>òÍý��5òÍóAòÍë�Z>òÍê,�Ùñ�ë��wü>ç¿ñ_�]��ç¿ý�úYé3ç¿ýY�d����òY���0�ïë���� ê��0�ê,�Ùñ�ë
�]ç¿ýÍë�ñ����\�Rë�é�ê,�>ù.úc�wî L é%P).j�a�>ù+�c�Yëþñ>òèø3çtû�ë1���Açtû�ë ÿ ý�����ò�ó�ë�kzñ���V,ë"ý'����ò�-&�¿ÿmlqç��Ró���ñ�û�ò���ñAð�ðÍð��çtòOç��Rëþò1!�Ùò�óYòÍó�ë)û�ý�����ñ_�ïò�ý���ò�ó�b���ñ�ë��d�nV,ë"ýÍê�ç
�\�_î L ùnPde�g*h?�Xëþû��Yë"ñïòGç¿ò��,��ñ#ýÍë
����êÙò*��ñAòÍó5ë&���Açtû�ë��ñ L é�POî L �WP�õ,ëþû��íëþñïòGç¿ò�����ñAëþý�ý�� ýaòÍë�Z>òÍê,�Ùñ�ë��wî*o���ò���ùwëÉòÍó3çtòzò�ó�ëþýÍëWç¿ý�ëÊò�d�Yóc��ý��,b���ñ>òOçtêÙê,- �Yëþý�û�ë
�b�� ñ�ë
�&p��_�Rò#é3ëþê��
°òÍó�ëxùþçtø�ò��,��ñ ç¿ñ_��ò�*�®ó���ý���b�� ñïòGç¿ê�ê�-q�YëþýÍû ë
�Eb�� ñ�ë
�f�Ùñ�òÍó5ër�]�\���ïê�ës�tÿvòÍó5ëò�ë�Zïò)éW�t�t-,î#ð1ñue�g*hv����ò�ø���òþüµó�� ý��,b���ñ>òOçtêÙê�-w�Rø�ê,�Ùò&b"��ñ�ë
�)ùþçn�_�XëPý�ëtç��t�Ùñ�û � ý'�ïë"ý¬ë"ýÍý�� ý'��ió5ëþýÍëtç��
V,ëþý�ò���ùþç¿ê�ê�-��Rø5ê��Ùò!b"��ñ�ë
�!�t�Pñ�� òaù"çn�_�XëB���3ùOó£ë"ýÍý�� ý'��î
x y
zD{}|[~����t���_�t���t{W�
l<ë�d���5ê\�£ê,�Ùú,ë�ò��#òÍó3çtñ�ú��zý"îd�&�0�Rë��¿ÿ*e��Íç¿ú ç#ô}ýÍëwÿ ëtù�ò���ý�ë�kzñ��,V,ëþý'���Ùò�-Êÿ���ý�ø�ý��
Vt�\�a��ñ�ûB���/!��òÍóxç
���¿ÿ ò�içtýÍëB�,�Yø�ê�ë��Pë"ñ,òOç¿ò���� ñs�tÿ³ó��\�!�Xëþû��íëþñïòGç¿ò�����ñÀç¿êÙû���ý��ÙòÍóc� ç¿ñ_��� �t�a� ÿ�-a��ñ�ûB��ò ÿ���ý!���5ýzë�V çtê��3ç
`

3��



ò�����ñAø��5ýÍø_�K�Xë
�+�D��êÙëþñ�ñ]V�çtñ�����ý�ëþñ��¿ÿ]òÍó�ë���ëþø3ç¿ý�ò��Yë"ñïò(�¿ÿ��zëwÿ ë"ñ_�Rëzÿ�� ý!����ø�ø_��ý�ò��Ùñ5ûPò�ó��\�³ë+����ýÍò"�çtñ_�^�zý"îd.1bþý���ëþê�h/�X�Rëþñïÿ ë"ê\� �¿ÿ]òÍó�ë�kzñc��V,ëþýY���Ùò�-f�tÿ*�®ç¿ý�-ïê�ç¿ñ_�Pÿ���ýióc�\�iù+��� �Yëþñ>ò'��îæ ó��\�èý�ë
�Rë!ç¿ýOùOófiç��èÿ���ñ_�ïë
�f�ÙñLø»ç¿ýÍò³ét-Êò�ó�ë&��ëþø3ç¿ý�ò��Yë"ñïò}�¿ÿ:�zëwÿ ëþñ_�Xë!��ñ_�ïë"ýdg(��ñ>òÍýGç�ùwò*�C�1.
���n4K� `G�Kg(` 3 ì ��� üD�%�>ùOú>ó�ëþë
���®ç¿ý�ò���ñr�5ñ_�ïëþý&g(� ñïò�ýOç�ù�ò ����� ì 3 �K�tì[� � ü_òÍó5ëB��ëwÿ ëþñ_�XëB.��aV ç¿ñ3ùwë��rhië�`
�Xëtç¿ýGù.óAô}ý���pXëtùwòY�d.zû ëþñ3ù+-f��ñ��ïëþý�g(� ñïò�ýOç ùwò1o&��� ���t3���� ì ���a3
� üÂç¿ñ_�YòÍó5ë&oaçtò��,��ñ3çtêèõ>ù+��ëþñ3ùwë U ����ñc`
��çtò��,��ñ^�5ñ_�ïëþý&��ýOçtñïò)ðÍðÍõ ����� � �n4�4 î
� �K���t�
�a{}yK�a�
� 3+�f���1�1 %� ¡/¢�£
¤K¥K¦'¤n§	¨ © �«ª § ¬�£K¢Y�§'®c£+¯ ü °zëþýÍñ��a��ñµü ±(.Êü U ëþé���ýY²¿ý�- 3������ î
³a´t´tµ!¶�·a·�¸t¸K¸!¹'º�´W»�¹½¼�ºa¾�´8¹½¿WÀ�Á�·cº[Â
Ã�º�·KÄ�Å
Æ8¹YÇcÈ�·�µKÃtÉ�»cº[ÊKÂ�´%º�À�¼�¾�·KËaÂXÌ[µ�ÂtÅtÅK·�º�¼cË�Í
Î8¹G³K´[Ï î

� ì � .zê\�t�_��g(��ý�øW� ý'²tò���� ñµî Ð%Ñ�Ò$Ò(Ó�Ô ´tµ!¶�·a·c¾
¿%º)¹�ÊaÀ
Ï_·�¿tÌ�Â�µK³%ºKÊt¾K·
´%º ÔKÔ · Ó
� T � .BÓ���Ó
Õ!²¿ûK�c²nÖ��
V�Óa× ócØ ÿ�����ý�Ù�Ú�²nÖ�Öt�_²nÛtÙ�Ø���ÙD�¿ÿ�e�g*hu²�ù"ù+��ý'² ù+-KÓKÜGÖ�.BÓ"�BÓ
Õ!²¿ûX��²nÖ��
V ünØ��a��Ù���ýþü��Ý�Ý�Þt¤�ß$� � ¯c£K¢'¨ Ó�ÜGÖïÿ���ý���²nÙ�����Öuà7ù+��Ø�Ö»ù+Ø�h/Ø���Ø
²týOù'ÚqÜáÖ���Ù��,Ù���Ù�Ø,üDk�Öc��VKØþýY����Ù�-��¿ÿ/o�Ø�V�²��c²ïü}�D²��
±(ØþûK²��wü_o�±Lü 3������ Ó

� 4�� hQÓc.BÓtÕdØtùOúKØþýþüKâ�Óc�uÓ�g(Ú_²n��ã_Øþý'��ü�²nÖ��r.�Óah�Óalj�,ÛÙúc�+Ó�Ð ® � © �«ª�ä^å ¤KÝ�æKÞa¤�æ �'Ó�lç²�����d� ý�Ù�Ú
è Õ ý��K��úc�«é�g(��Û�Ø,ü�ê$² ù+�ë� ù��zý��
VKØ,üWg*.Êü 3"����� Ó

� �n� �BÓ
��� ý��Vü�Ü'Ó
ê$Ú���Û,Û��Ùø��wü
²nÖ��Bh�Ó
�uÓ
°&²¿ýY²nÛ���ù.ú�Ó�ÜáÖ»ù+��ý�øW� ý'²
Ù���Ö5û��a�>ù+���]Ø�ÖaÙY²nÙ�����Ö�²
Ö_�Q�,Ö_�Rø_Øtù+Ù�����Ö
��ÖtÙ��#ù+���Yø���Ù�Øþý(��ÖtÙ�Øþû ý'²
Ù�Ø
� ��²
Öa�ïÿì² ù+Ù��5ý���Ö5û�2$.1Ör��ã�p�Øtù+Ù�`{ø�ý��>ù+Ø
���!²¿ø�ø�ý��K² ù«ÚDÓ*ÜGÖCà_Ó_.&�a��ûK²ïü
Ø
�a�,Ù���ý"ü �d¯K¯_ßîí\¦'¤�¨ìí\£KÝ[§]£�ï�ð!ñ\ò � ¦+¨½óYð!¢+í � Ýa¨ � ¥ ÐW� ¦«®cÝc£�ßî£'æKôCí\Ýöõq¤KÝcÞYï"¤K¦+¨ìÞt¢+í\Ý�æ Ó÷g(Ú_²
ø���²nÖ è
°&²nÛ,ÛGùc�%��Ö_�a��ÖDù�k&�fù 3����n4 Ó

� � � â�ÓKâ�Ó U �K��Ù�Ø�ú"Ó ��¤�¨ì¤û��Ý�¤�ßüô�§"íë§]ý:§"í\Ý�æ ä   ä�ä ï"£K¢�¬^í\Ý�¥K£ ª §�þ �ÿ¡ � æKí\Ý�Ý � ¢�� §��1Þtí\¥ �'Ó:à[.û���
ê$��ã�Û��	��²nÙ
����Ö_�+ùc����Ö_���ÖDùDk&�fù 3������ Ó

� � � ×&Ó U ú����'ÚaÙ�Ø�ú�� ²nÖDÓC�1. U à�2$. ��Ù'²nÖ���²núY������ú]����+��� Ø�ÖtÙB²
Ö_������²���Ø ��Ö_�tØ�ú'��Ù'²nÖ����Ö��cÓ@ÜGÖ
 8¢�£
¦ �'� ¥Kí\Ý�æn§�£�ï ä ô���¯c£n§"í\Þ� £KÝ ��£
¦�Þ�� � Ýa¨ Ñ �f¤�æ � ý)Ý�¥ � ¢�§	¨ì¤KÝ�¥Kí\Ý�æ ÐW� ¦«®cÝc£�ßî£'æKô ù1ø_²���Ø
�
�n4��_3���� ùDÕ��
��,ØKù��C�Bù_e��+Ù���ãWØ"ú 3"����� Ó

� �n� g1Ód�1Ú�Ø�b�b �ìù(�uÓ(âK²nb
²�-KØ�ú
�Gù(²
Ö_� �BÓ(�C²
Ö_�aú
����Û��GÓ ä £�ï	¨ ª ¤K¢ �"! Ý�æKí\Ý �'� ¢	í\Ý�æ Ójê$ú�Ø�ÖaÙ
�#�+Ø °&²nÛ,ÛGù
�$Ö���Û,Ø���$�t�Cg(Û��ë�m�	ù_o&â�ù 3����a3 Ó

� �n� hQÓm�uÓD°&²núY²nÛ��#�&%^²
Ö_�q�$Ó���Ó�àXÚ_²nø��,ú��cÓ(' £$��¯�ÞK¨ � ¢s¤KÝc¥ �1£Kñ'£�¨�)}íë§"í\£KÝ Ó�.+*�*��\�,��Ö�`�lEØ
��Û�Ø�-�ù
h/Ø�²-*�,Ö���ù_�C.Bù 3����-. Ó

� 3��n� ×&Óv��²nÖt��Ö��-�cù�g1Óv°BÓ=�%Ø�ØKù â�Ó g(b ��úY²nø��,Ö_�,%��Gù ²nÖ�* Ü'Ó?ÕdØ�Û,Û\²aÓ ×!h!k+�$±�Ü�/}2i.
��ú
����Ö�*tÙ�ú��cÙ�Ú%é0� Ø�Ù'²�*�²nÙY²^Ø�*�,Ù���Ö��^²
Ö�*EV��\���_²nÛ���b �,Ö���Ù��$��Û�%�,Ù1����úse�g*hQÓ�ÜGÖ  8¢�£n¦ �'� ¥Kí\Ý�æn§]£�ï
ä   Ñ�!2' £KÝ«ï � ¢ � Ý�¦ � £KÝö��£
¦�Þ�� � Ýa¨1� � ¦'£'æKÝ�í�¨ìí\£KÝu¤KÝ�¥r� � ¨G¢	í �43 ¤�ß ù÷àt²
Ö@â-�$5�ØKù÷g*.BùmâK²nÖt�_²nú�-
.����a3 Ó

� 3�3+� �fÓ��+�#5�ØKùK.BÓKàt²
Ù���ùt²
Ö�*f�uÓKÜ76!²
Ù'²aÓ%àXØ �-� Ø"ÖaÙY²nÙ�����Ö8����ø_²���Ø9����²���Ø�5;:�5<��Ö��&Ù�Ú�Ø1²nú�Ø
²�±=��ú
��Ö����
*�\²���úY²��CÓ�' £$��¯�Þ[¨<>	¢?)}íë§"í\£KÝ^¤KÝc¥ Ñ �f¤�æ>�ý)Ý�¥>	¢�§	¨G¤KÝ�¥Kí\Ý�æ ù:� � 2 T � � � T �-. ù 3"����� Ó

3 �



� 3 .n� à_Ó �C²�� ²nÖ@* ×&Ó ��²nÖ�:�Ö�����Ó . �]Ø�Ù�Ú���*���Û�����- ����ú Ø � ø��,ú��	��²nÛ ø_Ø�ú,����ú���²
Ö��+Ø
Ø�V�²nÛ�:_²nÙ
����Ö ��� ø_²���Ø 5�Ø0�-� Ø�ÖtÙ'²
Ù�����Ö ²nÛ�����ú
��Ù�Ú��A5+Ó ×DØ��'Ú�Ö��	��²nÛ h!Ø�ø���ú�Ù g*.�h/`
×!h/` � T�T ù k�Ö���VKØ�úB5,��Ù�- ��� �C²
ú�-tÛ\²nÖ@*%ù g=��Û�Û�Ø0��Ø ê$²nú
%%ù �C�Bù �1Ø��+Ø ��ã_Ø�ú 3������ Ó
³a´t´tµ!¶�·a·�¸t¸K¸!¹�Ê Ô ÂXÌ(¹GÃ[ÏcË*¹�ÍKËKÃ�·#C DWÂ
¼tÃK¼a¿_ÀK·�µaÃKÉ�¾[·
´cÌ�¾KÍ�¿�Í�ÁWÂK»�¹Gµ_¾ Ó

� 3 T � à_Ó!�C²�� ²
Ö�*?×&Ó!��²
Ö:�Ö��-��Ó .E:�Ù
�-��²
Ù��#��Ù�úY²���Ö���Ö��F��� ø_²���ØG5�Ø �-�]Ø�ÖaÙY²nÙ
����Öi²
Û�����ú��,Ù�Ú��H5+2
.�ÖI��øcÙ����J��b
²
Ù�����ÖC²
ø�ø�ú��X²-�'ÚDÓ�ÜGÖ  !¢�£
¦K>&>�¥Kí\Ý�æn§ £�ï Ñ Ýa¨<>	¢	Ý�¤�¨ìí\£KÝ�¤�ß ' £KÝ«ï�>	¢L>«Ý�¦K>�£KÝö 8¤�¨�¨,>	¢	Ý
�+>�¦'£'æKÝ�í�¨ìí\£KÝ ùtø_²���Ø�5 � T 3&�t� T 4 ù}Õ!²núB�+Ø�Û���Ö_²tùWàKø_²���ÖDù%àXØ�ø�Ù�Ø0�sã_Ø�ú .������ Ó

� 3+4�� à_Ó}�C²���²nÖ@*u×&Ó}�Q²
Ö:cÖ��-�cÓA�M�]ø���ú
�#��²
Û�ø_Ø�ú<����ú�� ²nÖ��+ØfØ"V�²
Û�:_²
Ù�����ÖN���1ø_²���ØA5�Ø �-� Ø"ÖaÙY²nÙ�����Ö
²nÛ��-��ú
��Ù�Ú��A5+Ó�ÜGÖ  8¢�£
¦K>&>�¥Kí\Ý�æn§ £�ï ä   Ñ
!2' £KÝ«ï�>	¢L>«Ý�¦K>�£KÝö��£
¦�Þ��O>	Ýa¨!�+>�¦'£'æKÝcí�¨Gí\£KÝq¤KÝ�¥r�+>Yó
¨G¢	íP> 3 ¤�ß ù�ø_²���Ø�5 T � T � T 3	4 ù$àt²
ÖCâ-�$5�ØKù%g*.Bù_âK²
Ö:_²
ú�- .������ Ó

� 3��n� ��Ó!o&²���-KùQà�Ó�àKØ�Ù�ÚDù&²
Ö�*ÿ�uÓ*±+�#5<6!²nÖ�²nÙ�Ú�²nÖDÓ . øcú���Ù
��Ù�-tøWØQ*���K:�� Ø�ÖtÙO����²���ØC²nÖ�²nÛ�-�5,�	5
5�-�5�Ù�Ø �R����ú!Ù�Ø��'Ú�Ö��#�"²nÛap<��:�ú�Ö�²nÛ#5	Ó8' £$��¯�Þ[¨<>	¢ ù .�� 2 3�� ��.�. ù 3"���-. Ó

� 3 � � �$ÓaeTSë�9��ú
��²nÖmÓ_×dÚ�Ø+*����K:�� Ø�ÖtÙU5�ø_Ø��+Ù�ú�:��V����ú$ø_²���Ø&Û\²�-$��:�Ù(²nÖ�²nÛ�-�5,�	5+ÓDÑ�!=!=!vÐ ¢�¤KÝ[§"¤K¦+¨ìí\£KÝ[§
£KÝ  8¤�¨�¨,>	¢	Ý^��Ý�¤�ßîô�§"íë§Q¤KÝ�¥sõq¤K¦«®cí\ÝW> Ñ Ýa¨<>'ß�ßîí æ�>	Ý�¦ > ù 3�� 2 3�3 � . �_3�3 � T ù 3"��� T Ó

� 3 � � ×&Ó$ê$²�VtÛ��	*�#5&²
Ö�*@â�ÓX/_Ú��-:DÓwê$²���Ø?5�Ø �-�]Ø�ÖaÙY²nÙ
����Öq²
Ö�*F�+Û\²�5�5<�ZY[��²
Ù�����ÖDÓ �1¢�¤+¯�®cí\¦'¤�ß�õö£n¥>Yß §
¤KÝ�¥ Ñ �f¤�æ>& 8¢�£
¦K>�§'§"í\Ý�æ ù �n4 2 4K�
4��X4K� ��ù 3�����. Ó

� 3��n� �!ÓC�uÓ^±=�$��ú�Ú�Ø�Ø�5v²nÖ@* �BÓC�fÓC°&²
ú���²
ÖDù@Ø�*��Ù
��úB5+Ó Ð ®�> ä > 3 >«Ýa¨ ® Ð >�\
¨j� ! ¨ì¢	íP> 3 ¤�ß
' £KÝ«ï�>	¢&>	Ý�¦K>V] Ð � !�' ^,_�Ó o&²nÙ
����Ö�²nÛ�ÜGÖ�5�Ù
��Ù�:cÙ�Ø`���uàXÙ'²nÖ@*�²núB*�5 ²
Ö�* ×DØ��«ÚcÖ���Û��-�-aXù 3������ Ó
³a´t´tµ!¶�·a·�´cÌaÍaÊ�¹½¼%ºt¾�´8¹á¿�À�Á�·�µtÃKÉ�¾$¹½³t´�Ï%» Ó

3 �


